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(54) Device and method for analyzing a sample 



(57) A device for analyzing a sample comprises a 
suction pressure generating means, a drawing channel, 
an analytical section and an opening. A sample is drawn 
into the opening by suction pressure, and then drawn 
through the drawing channel into the analytical section. 
A bypass channel or a stopper may be provided to en- 
sure that the suction does not draw the sample from the 
analytical section. More than one drawing channel can 



be provided, and one or more analytical sections can be 
provided in each drawing channel. Reagents for the 
sample to react with may be provided in the analytical 
section in the form of films, or in the drawing channel. 
The sample may be drawn into the opening with the aid 
of capillarity. The analysis may be by optical or electro- 
chemical means. The invention also extends to methods 
of using the devices for analysis. 
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Description 

This invention relates to devices for analyzing sam- 
ples such as body fluids, to methods for analyzing sam- 
ples by using such devices, and to apparatuses for an- 
alyzing samples using such devices 

There are various types of samples in the field of 
analytical chemistry, and particularly in the medical field, 
body fluids such as blood, urine, spinal fluid, saliva and 
the like, are important objects for analysis. There are 
needs for analyzing such samples in large amount and 
collectively. 

In order to meet such needs, a device for analyzing 
a sample having a reagent film previously impregnated 
with a reagent, which is stuck on a strip, has been de- 
veloped and practically used. In such a device, the rea- 
gent film is supplied with a sample such as blood, where 
a component in the sample is reacted with the reagent 
to generate a pigment, whereby a color is developed in 
the reagent film, and the color is analyzed by using an 
optical measuring apparatus such as a densitometer. By 
using such a device, operations for preparing a reagent 
and reacting the reagent with a component in the sam- 
ple can be simplified, thereby the whole process for an- 
alyzing a sample becomes a routine exercise. 

In such a device, examples of methods for supply- 
ing the reagent film with a sample include, methods uti- 
lizing capillarity, spotting, dipping, and the like. Among 
these methods, methods utilizing capillarity have been 
most commonly used. Because it is required to intercept 
external light during optical measuring, it is necessary 
that a sample supplying portion and an analytical sec- 
tion should be positioned away from each other when 
the device is set in an optical measuring apparatus. Ac- 
cordingly, a sample is required to be transferred in the 
device, therefore capillarity is utilized as a means for 
transferring the sample. Examples of devices utilizing 
capillarity are those disclosed in Japanese Patent Ap- 
plication Laid-open No. Hei 4-188065 or in Japanese 
Patent Application Laid-open No. Sho 57-1 32900. 

Figure 22 shows a device for analyzing a sample 
utilizing capillarity. As shown in the drawing, the device 
comprises a triangular shaped sampling point 42 pro- 
truding from an approximately center portion of the front 
face 44 of a transparent base member 47 made of acryl- 
ic resin, a groove 46 extending from the sampling point 
42 toward the back portion of the base member 47, and 
a slot 45 formed as an extension of the groove. Further- 
more, a reagent film 48 is stuck on the upper face of the 
base member 47 on the side of the front face 44. so that 
it may cover over the groove 46. The structure of the 
reagent film 48 is determined as appropriate depending 
upon the type of a sample. For example, when analyzing 
plasma components of blood, a reagent film having a 
laminated structure comprising a filtration layer, a rea- 
gent layer a transparent protective layer, and an opaque 
protective layer, which are laminated in this order from 
the bottom, in which an observation window 50 is formed 



for entering light in an approximately center portion of 
the opaque protective layer, is used. 

A sample may be analyzed by using such a device 
as in the following steps. First, a drop of blood is ob- 

s tained from a subject and brought into contact with the 
sampling point 42. Then, the blood is introduced into the 
groove 46 by capillarity and the whole groove is filled 
with the blood. When the blood permeates into the rea- 
gent film 48 covering over the upper portion of the 

w groove 46, erythrocytes are first removed by the filtration 
layer, and plasma components reach the reagent layer, 
where a pigment is generated through a reaction be- 
tween a reagent in the reagent layer and a component 
in the plasma, whereby a color is developed in the rea- 

'5 gent layer. In this state, the device is set in an optical 
measuringapparatus such as a densitometer, where the 
color developed in the reagent layer may be measured 
by irradiating light from the observation window 50. 
However, there are problems as described below in 

20 using a device utilizing capillarity. 

First, because a capillary channel is required to be 
continuously filled with a sample in order to cause cap- 
illarity, an amount of a sample more than required for 
analysis is needed. In addition, it takes some time to 

25 introduce a sample by capillarity, so that measuring can- 
not be performed quickly. Furthermore, in body fluids 
such as blood, there are differences among individuals 
in properties such as viscosity, which affect capillarity, 
therefore the time period required for introducing a sam- 

30 pie into the analytical part or the like cannot be fixed. As 
a result, it is difficult to fix a time period required for anal- 
ysis, such as time for reaction with a reagent. Accord- 
ingly, there is a possibility that an error might be caused 
in analysis results. Furthermore, since the drawing force 

35 by capillarity is very weak, it is easily affected by gravi- 
tational force. Therefore, when introducing a sample, 
the gradient of the device should be restricted, and the 
structure of an optical measuring apparatus should also 
be limited. Furthermore, the sample supplying portion 

io and the analytical section cannot be positioned apart 
from each other because of the weakness of the drawing 
force of capillarity, so that possibilities of contamination 
during an introduction of a sample or influence of exter- 
nal light cannot be completely eliminated in an optical 

15 measuring apparatus. 

On the other hand, the spotting method has a dis- 
advantage in that when using blood as the sample, the 
sampling spot is limited to a fingertip, and sampling from 
an ear or the abdomen is difficult. 

50 According to a first aspect, the present invention 
provides a device for analyzing a sample comprising a 
suction pressure generating means, a drawing channel 
in communication with the suction pressure generating 
means, an analytical section formed in a certain position 

55 in the drawing channel, and an opening formed at the 
end of the drawing channel, wherein a sample is intro- 
duced from the opening and then drawn into the analyt- 
ical section through the drawing channel by the suction 
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pressure developed by the suction pressure generating 
means. 

Accordingfy. in the device of the present invention, 
a sample is drawn forcefully by utilizing suction pressure 
in place of capillarity as used in a conventional device. 
That is. a suction pressure is developed by the suction 
pressure generating means, a sample is introduced into 
the opening by the suction pressure, then the sample is 
drawn by the suction pressure through the drawing 
channels into the analytical section, where the sample 
may be analyzed by an optical means, an electrochem- 
ical means, or the like. Thus, by using a suction pressure 
to draw a sample forcefully, it is ensured that at least a 
small amount of a sample is introduced into the analyt- 
ical section. In addition : the time period required for in- 
troducing the sample can be fixed to a certain short time, 
irrespective of the properties of the sample such as vis- 
cosity. Accordingly, for example, when analyzing a sam- 
ple by using a reagent, the time period for reaction be- 
tween a component in a sample and a reagent can be 
fixed. In addition, by drawing a sample forcefully, for ex- 
ample, the amount of. a sample which is reacted with a 
reagent can be constantly fixed. Accordingly, errors 
which might be caused in analysis results can be pre- 
vented. 

Furthermore, since a sample is drawn forcefully in 
the device of the present invention, it is not necessary 
to limit the distance between the sample supplying por- 
tion and the analytical section. Therefore : in the device 
of the present invention, the distance between the sam- 
ple supplying portion and the analytical section can be 
longer than in a device utilizing capillarity. Accordingly, 
influence of external light can be eliminated in an optical 
measuring apparatus. Therefore, by using the device of 
the present invention, a small amount of a sample can 
be analyzed rapidly and precisely. Furthermore, be- 
cause the sample is drawn forcefully, the influence of 
gravitational force can be nearly ignored. 

In the present invention, by "suction pressure" is un- 
derstood a pressure for drawing a sample, which is usu- 
ally a negative pressure. 

A sample used in the present invention is not par- 
ticularly limited as long as it can be sucked, and liquids, 
sols, or the like are included in the examples. Further- 
more, examples of a sample which may be analyzed in 
the present invention include, whole blood, urine, spinal 
fluid, blood plasma, serum, saliva, or the like. 

Methods for analyzing a sample using the device of 
the present invention are not particularly restricted. For 
example, an optical means, an electrochemical means 
or the like can be applied in such methods. 

When optical measuring means is applied, either a 
reagent which reacts with a component in a sample to 
generate a pigment, or a reagent which reacts with a 
component in a sample to represent a color in itself is 
generally used. However, there are some cases in which 
an analysis may be conducted by using only light trans- 
missivity or tight reflectance and without using a rea- 



gent. One example of such a case is when analyzing a 
hematocrit value of blood. Furthermore, instead of 
measuring transmitted light, other optical means such 
as measuring reflected light, fluorescence or the like 
5 may also be applied. 

When electrochemical means is applied, a change 
in electric current or in electric potential caused by the 
oxidation-reduction reaction of the sample may be usu- 
ally measured, and a reagent which causes an oxida- 
se tion-reduction reaction when reacted with a component 
in a sample is normally used in such a measurement. 

The reagent used in the present invention may be 
either a dry-type or wet-type reagent. Furthermore, in a 
device forsimultaneous analysis of multiple items (here- 
's inafter referred to as "multiple analysis") as described 
later, various types of reagents may be usually used de- 
pending upon the number of items to be analyzed. 

It is preferable that the device of the present inven- 
tion comprises a plurality of drawing channels, in each 
20 of which an analytical section is formed in a certain po- 
sition, the ends of the drawing channels merging and 
forming one opening. By using a device having such a 
structure, simultaneous analysis of multiple items, 
namely multiple analysis, can be achieved. Such a de- 
25 vice is referred to as a device for multiple analysis. 

Although suction pressure is utilized for drawing a 
sample forcefully in the present invention, a suction 
pressure may also be used in combination with capillar- 
ity as described later. 
30 a device for analyzing a sample provided with a by- 
pass channel, and a device for analyzing a sample in 
which a stopper which is gas-permeable and liquid-im- 
permeable is formed, are preferred embodiments of the 
present invention. As described above, the device of the 
35 present invention has many advantages by utilizing suc- 
tion pressure for drawing a sample forcefully. However, 
because such a forced sucking is markedly strong com- 
pared to a sucking utilizing capillarity, there is a possi- 
bility that a sample might pass through the analytical 
•*o section and does not remain there. The above embod- 
iments of the present invention provide a solution for 
such a problem. When using either of the above-de- 
scribed embodiments of the present invention, it is not 
necessary to be particularly careful when generating a 
•*5 suction pressure, therefore allowing simpler manipula- 
tion. 

Accordingly, in a first preferred embodiment, a de- 
vice for analyzing a sample of the present invention in- 
cludes a suction pressure generating means, a drawing 

50 channel in communication, with the suction pressure 
generating means, an analytical section formed in a cer- 
tain position in the drawing channel, the end of the draw- 
ing channel forming an opening, and in addition provid- 
ed with a bypass channel which branches from a portion 

55 of the drawing channel between the analytical section 
and the opening and is in communication with the suc- 
tion pressure generating means, wherein the relation- 
ship of the liquid flow resistance (X) in the drawing chan- 
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nel between the analytical section and the suction pres- 
sure generating means, the liquid flow resistance (Y) in 
the bypass channel, and the liquid flow resistance (Z) in 
the drawing channel between the branching portion of 
the bypass channel and the analytical section is such 
that X>Y>Z. 

In this embodiment, when the developed suction 
pressure is large, an excess of suction pressure may 
still remain even after a sufficient amount of a sample 
has been introduced into the analytical section or the 
like. In case that an excess of suction pressure remains, 
there are possibilities that a sample which has been in- 
troduced into the analytical section or the like might fur- 
ther be drawn into the suction pressure generating 
means, that air might be entrained in the analytical sec- 
tion, or that a pigment generated through reaction be- 
tween a component in the sample and a reagent might 
flow into the suction pressure generating means. This 
first preferred embodiment solves such problems by 
providing a bypass channel, and also by having the re- 
lationship of the liquid flow resistance (Y) in the bypass 
channel and the liquid flow resistances (X. Z) in the two 
portions of the drawing channel such that X>Y>Z. 

Accordingly, because the liquid flow resistance (Z) 
in the drawing channel between the branching portion 
of the bypass channel and the analytical section is the 
smallest among the three liquid flow resistances (X). (Y). 
and (Z). even if a suction pressure larger than required 
is generated by the suction pressure generating means, 
a sample is first introduced from the opening and drawn 
into the analytical section in a sufficient amount. In this 
case, even if an excess amount of a sample and/or en- 
trained air are drawn by the excess suction pressure, 
the excess of a sample and/or the entrained air can be 
introduced into the bypass channel, while the sample 
introduced into the analytical section, a generated pig- 
ment and the like remain in the analytical section. This 
is because the liquid flow resistance (X) in the drawing 
channel between the analytical section and the suction 
pressure generating means is larger than the liquid flow 
resistance (Y) in the bypass channel. Then, the excess 
of a sample and the entrained air may be discharged 
into the bypass channel or through the bypass channel 
into the suction pressure generating means. According- 
ly, even if a large suction pressure is generated, it is en- 
sured that a sample is introduced into the analytical sec- 
tion to be analyzed, therefore further rapid and precise 
analysis of the sample can be achieved. 

In the present invention, by "liquid flow resistance" 
is understood a resistance to flow to which liquid is sub- 
jected when moving through a channel, and serves as 
a criterion for ease of liquid flow. 

Suitable methods for controlling the liquid flow re- 
sistance in each of the channels are. for example, 
changing the diameter of the channel, treating the inner 
surface of the channel which contacts with liquid by us- 
ing a detergent, a water repellent agent or the like in 
order to change the wettability Examples of the water 



repellent agents are silicon, tetrafluoroethylene resin, 
and the like. 

In order to perform multiple analysis as described 
above, it is preferable that the first preferred embodi- 
5 ment of the present invention is provided with a plurality 
of drawing channels, an analytical section formed in a 
certain position in each of the drawing channels, the 
ends of the respective drawing channels merging and 
forming one opening, and a bypass channel branching 
>o from a portion of the drawing channel between the merg- 
ing portion and the opening and being communicated 
with the suction pressure generating means. 

A second preferred embodiment comprises a suc- 
tion pressure generating means, a drawing channel in 
'S communication with the suction pressure generating 
means, an analytical section formed in a certain position 
in the drawing channel, an opening being formed at the 
end of the drawing channel, and further comprising a 
stopper which is gas-permeable and liquid-impermea- 
20 ble (here.nafter referred to as a "stopper") formed in a 
certain position in the drawing channel between the suc- 
tion pressure generating means and the analytical sec- 
tion, by which a flow of a sample into the suction pres- 
sure generating means can be prevented. 
25 In the second embodiment, the portion of the draw- 
ing channel between the analytical section and the suc- 
tion pressure generating means where the stopper may 
be formed should include both the boundary portion be- 
tween the drawing channel and the suction pressure 
JO generating means, and the boundary portion between 
the drawing channel and the analytical section. 

In the second embodiment, the stopper is usually 
made of a hydrophobic porous material. 

It is preferable that the second embodiment be 
& made for multiple analysis as described below. 

That is. in the second embodiment, it is preferable 
that a plurality of analytical sections are formed in cer- 
tain position in the drawing channel, and that a stopper 
is formed in a portion of the drawing channel between 
•to the suction pressure generating means and the analyt- 
ical section which is the closest to the suction pressure 
generating means. 

Furthermore, it is preferable that the second em- 
bodiment be provided with a plurality of drawing chan- 
4S nels. and an analytical section formed in a certain posi- 
tion in each of the drawing channels, the ends of the 
respective drawing channels merging and forming one 
opening. 

It is preferable that the opening of the drawing chan- 
*o nel is enlarged toward the end. that is. funnel-shaped. 
By having such a shape, a sample such as blood can 
be retained in the opening after the sample is intro- 
duced, therefore subsequent drawing operation be- 
comes easier. In addition, air inclusion can also be re- 
« duced Especially in case of sampling blood from a small 
spot such as a fingertip, it is required to ensure that the 
opening for the drawing channel in the device is con- 
tacted with the sampling spot until introduction of the 
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sample is completed. Therefore, substantial attention is 
required for controlling sampling, resulting in more com- 
plex operation. Furthermore, since an amount of blood 
which can be obtained from a fingertip or the like is as 
little as several 10 u.f , air inclusion may easily occur in 
a conventional device for analyzing a sample during in- 
troduction of a sample, thereby greatly affecting the 
measured results. In order to solve such problems, the 
opening for the drawing channel is formed into a funnel- 
shape, so that the sample can be retained there. By hav- 
ing such a structure, it is possible to draw the sample 
through the channel after detaching the opening from 
the sampling spot, therefore a sample can be easily ob- 
tained from a small spot without causing air inclusion. 

Furthermore, it is also preferable that the device be 
provided with a liquid pooling portion formed between 
the opening and the drawing channel, and an air vent 
passage branching from a portion of the drawing chan- 
nel between the liquid pooling portion and the analytical 
section, the end of the air vent passage opening to the 
outside of the device. The air vent passage branches 
from a portion of the drawing channel between the liquid 
pooling portion and the analytical section so that air in- 
clusion can be prevented during introduction of the sam- 
ple. 

By providing such a liquid pooling portion and an air 
vent passage, a sample can be introduced by capillarity 
developed by the air vent passage and retained in the 
liquid pooling portion, therefore subsequent sucking op- 
eration can be performed without causing air inclusion 
after detaching the opening from the sampling spot. 

It is preferable that the liquid flow resistance in the 
air vent passage is larger than that in the liquid pooling 
portion, so that air inclusion can be further prevented. 

Suitable methods for controlling the liquid flow re- 
sistance are, for example, changing the dimension of a 
cross section, treating the surface which contacts with 
liquid by using a surface active agent, a water repellent 
agent or the like to change the wettability. Examples of 
the water repellent agent include silicon, tetrafluoroeth- 
ylene resin, and the like. It is preferable that the liquid 
flow resistance should be controlled by changing dimen- 
sions of a cross section in view of controllability. For ex- 
ample, the thickness and the width of the liquid pooling 
portion may be formed larger than those of the air vent 
passage. 

In the device of the present invention, the analytical 
section formed in the drawing channel may serve both 
as a reagent positioning section and a reagent reaction 
section. 

Alternatively, a reagent positioning section, a rea- 
gent reaction section, and an analytical section may be 
provided independently in certain positions in the draw- 
ing channel. Still alternatively a plurality of reagent re- 
action sections, reagent positioning sections, and ana- 
lytical sections may be provided in certain positions in 
the drawing channel. 

In the device of the present invention, an analytical 



section preferably serves both as a reagent positioning 
section and as a reagent reaction section. However if 
a reagent can move through the drawing channel, a re- 
agent positioning section, a reagent reaction section, 

5 and an analytical section (hereinafter also referred to as 
a "measuring section") may be independently formed in 
certain positions in the drawing channel. In such a de- 
vice, a sample and a reagent can be mixed and stirred 
while the sample moves between each of the respective 

10 sections, and also in case of using a dry-type reagent, 
dissolution of the reagent may be facilitated. The rea- 
gent may move either independently or together with the 
sample. 

Furthermore, such a device can be applied for mul- 

'5 tiple steps reaction including a pre-treatment step. For 
example, if a plurality of reagent reaction sections or the 
like are provided in series in the drawing channel, a sam- 
ple can be transferred to the respective sections, while 
causing reactions respectively. By using such a device, 

20 for example, in case of performing analysis utilizing an- 
tigen-antibody reaction, in which B/F separation is re- 
quired, B/F separation can be performed by transferring 
a sample and a rinsing solution among the respective 
reagent reaction sections or the like. 

25 Furthermore, in case of using a reagent consisting 
of two or more components, which cannot be mixed prior 
to reaction with a sample, it is preferred that a plurality 
of reagent positioning sections are provided in certain 
positions in the drawing channel. 

30 Next, in the device for analyzing a sample of the 
present invention, a suction pressure generating cham- 
ber, a suction pressure generating tube or the like ca- 
pable of changing the volume, may be used as a suction 
pressure generating means. A vent may be formed in 

35 the suction pressure generating chamber. With regard 
to the suction pressure generating tube, a suction pres- 
sure is generated by drawing the tube through a hand. 

In the device of the present invention, when analyz- 
ing a sample by using an electrochemical means, it is 

-to preferable that the analytical section is provided with a 
pair of electrodes comprising a working electrode and a 
counter electrode. 

According to another aspect of the present inven- 
tion, a method for analyzing a sample comprises pre- 
paring the device of the present invention, generating a 
suction pressure by the suction pressure generating 
means, thereby introducing a sample into the opening, 
and drawing the sample by the suction pressure through 
the drawing channel into the analytical section, where 

50 analysis of the sample is performed. 

A method for analyzing a sample using the first or 
the second embodiment of the present invention will be 
described. 

A method for analyzing a sample using the first em- 
55 bodiment of the device of the present invention compris- 
es the steps of preparing the first embodiment, devel- 
oping a suction pressure by the suction pressure gen- 
erating means, thereby introducing a sample into the 
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opening, and drawing the sample by the suction pres- 
sure through the drawing channel intothe analytical sec- 
tion, while excess amount of the sample and/or en- 
trained air are discharged into the bypass channel and 
also through the bypass channel into the suction pres- s 
sure generating means, thereupon performing an anal- 
ysis of the sample. 

A method for analyzing a sample using the second 
embodiment comprises the steps of preparing the sec- 
ond embodiment, developing a suction pressure by the 10 
suction pressure generating means, thereby introducing 
a sample into the opening, drawing the sample by the 
suction pressure through the drawing channel into the 
analytical section, where analysis of the sample is per- 
formed. 15 

When multiple analysis is conducted in these meth- 
ods, multiple items may be simultaneously analyzed by 
using a device for multiple analysis. 

These methods for analyzing a sample, in which ei- 
ther a device having a funnel-shaped opening or a de- 20 
vice provided with a liquid pooling portion and an air vent 
passage is used, comprise the steps of preparing the 
device for analyzing a sample, contacting the opening 
with a sample, thereby drawing the sample into the 
opening or into the liquid pooling portion by capillarity to 25 
retain the sample, and then generating a suction pres- 
sure by the suction pressure generating means, drawing 
the sample retained in the opening or in the liquid pool- 
ing portion by the suction pressure through the drawing 
channel into the analytical section, where analysisof the 30 
sample is performed. 

According to the method for analyzing a sample us- 
ing either a device provided with a funnel-shaped open- 
ing or a device in which a liquid pooling portion and an 
air vent passage are formed, for example, the device 35 
can be detached from a sampling spot after contacting 
the opening with a sample in the sampling spot to intro- 
duce the sample into the opening or into the liquid pool- 
ing portion, where the sample is retained, therefore 
making the subsequent sucking operation easier, 40 

In these methods for analyzing a sample of the 
present invention, the means of analysis is not particu- 
larly limited, and for example, an optical means or an 
electrochemical means is used. 

Furthermore, apparatus for analyzing a sample of 45 
the present invention may be either an optical measur- 
ing apparatus or an electric measuring apparatus. 

The optical measuring apparatus comprises an op- 
tical measuring system provided with a light irradiating 
section and a light detecting section, and a device for so 
analyzing a sample, wherein the device is positioned so 
that the analytical section of the device can be irradiated 
with light from the light irradiating section, and so that 
the detecting section can detect transmitted light, fluo- 
rescence, or reflected light in the analytical section. 55 

The electric measuring apparatus comprises an 
electric signal generating means, an electric signal de- 
tecting means, and a device for analyzing a sample. 



wherein the working electrode of the device and the 
electric signal generating means are connected to each 
other, and the counter electrode of the device and the 
electric signal detecting means are connected to each 
other. 

The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
following detailed description of the preferred embodi- 
ments of the invention in conjunction with the accompa- 
nying drawings, in which: 

Figure 1 (A) is a plan view of one embodiment of the 
device for analyzing a sample of the present invention, 
and Figure 1(B) is a cross-sectional view of the device 
of the Figure 1(A) taken along the line l-l. 

Figure 2 is a plan view of another embodiment of 
the device of the present invention. 

Figure 3 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 4 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 5(A)-5(D) are plan views showing a stepwise 
process for drawing a sample in one embodiment of the 
device of the present invention in which a bypass chan- 
nel is provided. 

Figure 6(A) is a plan view of still another, embodi- 
ment of the device of the present invention, and Figure 
6(B) is a cross-sectional view of the device of the Figure 
6(A) taken along the line ll-ll 

Figure 7 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 8 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 9(A) is a plan view of still another embodi- 
ment of the device of the present invention, and Figure 
9(B) is a cross-sectional view of the device of the Figure 
9(A) taken along the line Ill-Ill. 

Figure 10 is a perspective view showing the fabri- 
cation of the device shown in Figure 9. 

Figure 11 (A) is a plan view of the device shown in 
Figure 9. in which a sample is introduced and retained 
in the liquid pooling portion, and Figure 11 (B) is a plan 
view of the device shown in Figure 9. in which a sample 
is drawn into the analytical section. 

Figure 1 2 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 1 3 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 1 4 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 1 5 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 16 is a plan view of still another embodiment 
of the device of the present invention. 

Figure 1 7(A)-(D) are cross-sectional views showing 
a process for drawing a sample in a still another embod- 
iment of the device of the present invention. 

Figure 1 8(A)-(D) are cross-sectional views showing 
a process for drawing a sample in a still another embod- 
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iment of the device of the present invention. 

Figure 19(A) is a plan view showing a still another 
embodiment of the device of the present invention, and 
Figure 19(B) is a cross-sectional view of the device of 
the Figure 19(A) taken along the line IV- IV. 

Figure 20 is a perspective view showing the fabri- 
cation of the device shown in Figure 19. 

Figure 21 (A)-(H) are plan views showing an analy- 
sis using a still another embodiment of the device of the 
present invention. 

Figure 22 is a perspective view of a conventional 
device for analyzing a sample. 

Next, embodiments of the present invention will be 
described. In the following embodiments, unless partic- 
ularly shown otherwise, the analytical section serves 
both as a reagent positioning section and a reagent re- 
action section. 

Example 1 

Figure 1 shows an embodiment of a device for an- 
alyzing a sample of the present invention. Figure 1(A) 
is a plan view showing such a device, and Figure 1(B) 
is a cross-sectional view showing the device of Figure 
1 (A) taken along the line l-l. 

As shown in the drawings, one end portion of the 
rectangular plate shaped body 5 (i.e. the left end portion 
in the drawings) is formed into a protrusion portion 5c 
which has a smaller width than that of the body. The 
width of the protrusion portion 5c is decreasing toward 
the end. Furthermore, the body 5 comprises a base 
member 5b and a covering 5a which covers over the 
base member. The base member 5b and the covering 
5a are usually integrated together by using an adhesive 
such as a hot melt adhesive. 

In the upper surface side of the base member 5b : a 
first depressed cylindrical concave portion, which forms 
a suction pressure generating chamber is formed in a 
portion on one end side (right side in the drawings) rel- 
ative to the center portion, a groove which forms a draw- 
ing channel 2 is formed in communication with the first 
depressed cylindrical concave portion, the groove ex- 
tending to the end of the protrusion portion 5c. a second 
depressed cylindrical concave portion which is smaller 
than the first depressed cylindrical concave portion, 
which will form an analytical section 3. is formed in a 
certain position in the groove at an approximately center 
portion of the body 5, and further the end of the groove 
opens to the outside at the end of the protrusion portion 
5c, thereby forming an opening 4 for drawing a sample. 
Then, by covering the surface of the base member 5b 
with a covering 5a and integrating both of them together, 
the first depressed cylindrical concave portion, the 
groove, the second depressed cylindrical concave por- 
tion, and the end of the groove become the suction pres- 
sure generating chamber 1 , the drawing channel 2, the 
analytical section 3, and the opening 4, respectively. 

Furthermore, in subsequent embodiments, a suc- 



tion pressure generating chamber, a drawing channel, 
a bypass channel, and the like are formed by forming 
depressed cylindrical concave portions and a groove as 
in this embodiment. 

5 Although a reagent is not shown in the drawings, 
when the covering 5a is transparent and light may be 
irradiated through the covering (from the side of the cov- 
ering), for example, a reagent film impregnated with a 
reagent may be stuck on the inner surface of the cover- 

10 ing 5a corresponding to the analytical section 3. Further- 
more, in the drawings, 2a refers to the portion of the 
drawing channel 2 between the opening 4 and the ana- 
lytical section 3, and 2b refers to the portion of the draw- 
ing channel 2 between the analytical section 3 and the 

75 suction pressure generating chamber 1, respectively. 

The dimensions of the device are usually 20 to 50 
mm in overall length, 10 to 30 mm in width, 1 to 5 mm 
in overall thickness, 10 to 20 mm in length of the protru- 
sion portion, 5 to 10 mm in maximum width of the pro- 

20 trusion portion, and 3 to 5 mm in minimum width of the 
protrusion portion. Furthermore, the dimensions of the 
suction pressure generating chamber 1 are usually 10 
to 20 mm in diameter. 0.2 to 1 mm in depth, and the 
dimensions of the analytical section 3 are usually 2 to 5 

25 mm in diameter and 0.1 to 0.5 mm in depth. Further- 
more, the dimensions of the drawing channel 2 are usu- 
ally 15 to 40 mm in overall length, 1 to 3 mm in width, 
and 0.1 to0.5 mm in depth, in which the drawing channel 
2b between the suction pressure generating chamber 1 

30 and the analytical section 3 is 5 to 20 mm in length, and 
the drawing channel 2a between the analytical section 
3 and the opening 4 is 10 to 30 mm in length. 

Examples of the material for the base member 5b 
include acrylonitrile butadiene styrene copolymer (ABS 

35 resin), polystyrene, Noryl resin, polyethylene, polyeth- 
ylene terephthalate (PET), and acrylic resin. It is partic- 
ularly preferred to use polystyrene or acrylic resin in 
view of light transmissivity and the like. 

It is required that the covering 5a have an elastic 

■JO property. Moreover, when light is irradiated through the 
covering, it is also required that at least the portion of 
the covering corresponding to the analytical section 3 
should be transparent. Examples of suitable materials 
for the covering are PET polyethylene, and vinyl chlo- 
ride. In particular, it is preferred to use PET in view of 
processability and dimensions. 

The reagent is usually contained in a reagent film 
as previously described, and the structure of the reagent 
film is determined as appropriate depending upon the 

so type of the object for analysis. For example, when plas- 
ma components of blood is the object for analysis, a re- 
agent film having a structure in which a filtration layer 
for separating erythrocytes, a reagent layer impregnat- 
ed with a reagent, and a base member are laminated in 

55 this order is usually used. Furthermore, the reagent film 
is arranged in the analytical section 3 in such a manner 
that the filtration layer may contact with blood (the sam- 
ple), and that irradiating light may enter from the side of 



8 



BNSOOCID: <EP_0803288A2JL^ 



1 



13 



EP 0 803 288 A2 



14 



the transparent protective layer, in addition, convention- 
ally known materials may be used for the respective lay- 
ers of the reagent film 

For example, an analysis using this device may be 
conducted as follows. 

First, the portion of the covering 5a corresponding 
to the suction pressure generating chamber 1 of the de- 
vice is compressed by applying a pressure, for example, 
by pressing with a finger. Then, in this state, the opening 
4 at the end of the protrusion portion 5c is contacted with 
a sample. Then, the pressure applied to the chamber is 
released by weakening the pressing force with a finger 
so that the compressed portion of the covering 5a can 
return to its original shape due to the elasticity of the 
covering. At this time, a suction pressure is generated, 
whereby the sample is introduced into the opening 4, 
and then the sample is further drawn through the draw- 
ing channel 2a into the analytical section 3. The time 
period required for introduction of the sample into the 
analytical section 3 in this device is markedly short com- 
pared to a case of using a device utilizing capillarity. In 
addition, such time is hardly affected by the properties 
of the sample such as viscosity. Then, a reaction be- 
tween a component in the sample and the reagent con- 
tained in the reagent film takes place in the analytical 
section 3 to generate a pigment, whereby a color is de- 
veloped in the reagent film. Then, the device in which a 
color is developed in the reagent film is set in a prede- 
termined position in an optical measuring apparatus 
such as a densitometer. Then, light is irradiated into the 
device through the covering 5a. whereby when using the 
densitometer, a reflected light is detected in a detecting 
section to measure the developed color. When both the 
base member 5b and the reagent film are also transpar- 
ent, the sample can also be analyzed by using transmit- 
ted light. 

Example 2 

Next. Figure 2 is a plan view showing an embodi- 
ment of a device for multiple analysis of the present in- 
vention. The device for multiple analysis is capable of 
analyzing three items simultaneously. 

As shown in the drawing, one end portion of the rec- 
tangular plate shaped body 5 (the left end in the draw- 
ing) is formed intoa protrusion portion 5c. which is small- 
er than the body in width in this device. The width of the 
protrusion portion 5c is decreasing toward the end. Fur- 
thermore, the body 5 comprises a base member and a 
covering which covers over the base member in this de- 
vice like in the predescribed embodiment. 

Like in the device in Example 1 , in the upper surface 
of the base member three drawing channels 2b extend 
from a suction pressure generating chamber 1 formed 
in one end side portion of the body (right side in the 
drawings) relative to the center of the body. At the end 
of each drawing channel 2 is formed an analytical sec- 
tion 3. different types of reagents (not shown) being dis- 



posed in the respective analytical sections 3. and three 
drawing channels 2a extend from the respective analyt- 
ical sections 3. the ends of the drawing channels 2a 
merging and forming one opening 4. When the covering 
5 is transparent, the reagents are disposed by sticking re- 
agent films on the portions of the inner surface of the 
covering corresponding to the respective analytical sec- 
tions 3. 

In such a device for multiple analysis, overall dimen- 
10 sions are determined as appropriate depending upon 
the number of the items to be analyzed. Because three 
items are analyzed in this embodiment, the dimensions 
of the device are usually 30 to 80 mm in overall length. 
20 to 50 mm in width, 1 to 5 mm in overall thickness, 1 0 
is to 20 mm in length of the protrusion portion. 5 to 10 mm 
in maximum width of the protrusion portion. 3 to 5 mm 
in minimum width of the protrusion portion. 

Other things such as the materials, dimensions of 
the suction pressure generating chamber, the drawing 
zo channels and the like, are the same as in the prede- 
scribed embodiment of a device for analyzing a sample. 
Furthermore, the number of items to be analyzed is not 
particularly limited; however it is usually between 1 and 
20. preferably between 3 and 5. In such a case, various 
?5 numbers of analytical sections and drawing channels 
may be formed depending upon the number of the items 
to be analyzed. 

For example, an analysis using such a device for 
multiple analysis may be performed as follows. 
>o First, a portion of the covering 5a corresponding to 
the suction pressure generating chamber 1 of the device 
is compressed by applying a pressure, for example, by 
pressing with a finger. Then, in this state, the opening 4 
at the end of the protrusion portion is contacted with a 
3$ sample. Then, the applied pressure to the chamber is 
released by weakening the pressing force with a finger 
so that the compressed portion of the covering may re- 
turn to its original shape due to the elasticity of the cov- 
ering. At this time, a suction pressure is generated. 
io whereby the sample is drawn into the opening 4 and 
then further drawn through the three drawing channels 
2a to the three analytical sections 3. Like in the embod- 
iment in Example 1 . the time period required for the in- 
troduction of the sample into the respective analytical 
15 sections 3 in this device is markedly short compared to 
that in a device using capillarity. In addition, the time is 
hardly affected by the properties of the sample such as 
viscosity. Then, reactions between components in the 
sample and the reagents contained in the respective re- 
agent films take place to generate pigments in the re- 
spective analytical sections 3. whereby colors are de- 
veloped in the respective reagent films. Then, the device 
in which colors are developed in the respective reagent 
films is set in a predetermined position in an optical 
>5 measuring apparatus such as a densitometer. Then, 
light is irradiated into the device, so that when using the 
densitometer, a reflected light may be detected in a de- 
tecting section to measure the developed color, so that 
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three items can be analyzed simultaneously. 
Example 3 

Figure 3 shows a plan view of an embodiment of a 
device for analyzing a sample of the present invention 
provided with a bypass channel. 

As shown in the drawing, one end side portion of 
the rectangular plate shaped body 5 (the left end in the 
drawing) is formed into a protrusion portion 5c, which is 
smaller than the body in width. The width of the protru- 
sion portion 5c is decreasing toward the end. Further- 
more, the body 5 comprises a base member and a cov- 
ering which covers over the base member in the device 
like in the predescribed embodiment. 

Like in the embodiment in Example 1 s in the upper 
surface of the base member 5b, a drawing channel 2b 
extends from a suction pressure generating chamber 1 
formed in one end side portion of the body 5 (right side 
in the drawing) relative to the center of the body. At the 
end of the drawing channel 2b is formed an analytical 
section 3, and a reagent (not shown) is disposed in the 
analytical section 3, and further a drawing channel 2a 
extends from the analytical section 3 toward the end of 
the protrusion portion 5c. At the end of the drawing chan- 
nel 2a is formed an opening 4. Where the covering is 
transparent, the reagent is disposed by sticking a rea- 
gent film on a portion of the inner surface of the covering 
corresponding to the analytical section 3. A bypass 
channel 6 branches from a portion of the drawing chan- 
nel 2a between the opening 4 and the analytical section 
3 ; and extends to communicate with the suction pres- 
sure generating chamber 1. 

Furthermore., the relationship among three liquid 
flow resistances, namely, the liquid flow resistance (X) 
in the drawing channel 2b between the suction pressure 
generating chamber 1 and the analytical section 3, the 
liquid flow resistance (Y) in the bypass channel, and the 
liquid flow resistance (Z) in the drawing channel 2a be- 
tween the branching portion of the bypass channel 6 and 
the analytical section 3 is such that X>Y>Z. 

As shown in the drawing, the entire drawing channel 
2a has a large diameter, so that the liquid flow resistance 
(Z) is the smallest among the three, the bypass channel 
6 includes a certain length of a channel 6a having a 
small diameter extending from the branching portion, so 
that the liquid flow resistance (Y) is the second smallest, 
and the entire drawing channel 2b has a small diameter, 
so that the liquid flow resistance (X) is the largest. 

The drawing channel 2a is usually 10 to 30 mm in 
length, 1 to 3 mm in width, 0.1 to 0.5 mm in depth. The 
bypass channel 6 is usually 10 to 30 mm in overall 
length, wherein the bypass channel 6a having a small 
diameter is 0.5 to 5 mm in length, 0.1 to0.5 mm in width, 
and 0.1 to 0.5 mm in depth, and also the portion of the 
bypass channel having a large diameter is 1 to 3 mm in 
width and 0. 1 to 0.5 mm in depth. The drawing channel 
2b is usually 0.5 to 30 mm in length, 0.1 to 0.5 mm in 



width, and 0.1 to 0.5 mm in depth. 

In such a device having the bypass channel 6. the 
overall dimensions, materials, dimensions of the suction 
pressure generating chamber and the like, and so forth. 

s are the same as those of the device in Example 1 . 

Next, Figure 4 shows a plan view of an embodiment 
of a device having the bypass channel 6 in which the 
channel 6a having a small diameter is relatively long. In 
such a device, the bypass channel 6 is usually 10 to 30 

10 mm in overall length, wherein the bypass channel 6a 
having a small diameter is 3 to 10 mm in length, 0.1 to 
0.5 mm in width, and 0.1 to 0.5 mm in depth, and also 
the portion of the bypass channel having a large diam- 
eter is 1 to 3 mm in width and 0.1 to 0.5 mm in depth. 

*5 By having such a relatively long bypass channel 6a hav- 
ing a small diameter, it is possible to provide a large dif- 
ference between the liquid flow resistance (Y) in the by- 
pass channel 6 and the liquid flow resistance (Z) in the 
drawing channel 2a between the branching portion of 

20 the bypass channel 6 and the analytical section 3. 

In the device shown in Figure 4, the width of the 
opening 4 is increasing toward the end, that is, funnel- 
shaped. By having such a shape, a sample can be re- 
tained in the funnel-shaped opening 4 during sampling, 

25 therefore the subsequent sucking operation can be per- 
formed smoothly, while air inclusion can be prevented. 
The opening 4 is usually 3 to 6 mm in maximum width, 
1 to 3 mm in minimum width, and 1 to 5 mm in length. 
Other than the bypass channel 6 and the opening 

30 4, the structure of the device shown in Figure 4 is the 
same as that of the device shown in Figure 3. 

An analysis using such a device having a bypass 
channel (Figure 3 or 4) is conducted, for example, as 
follows. 

35 First, a portion of the covering corresponding to the 

suction pressure generating chamber 1 of the device is 
compressed by applying a pressure, for example, by 
pressing with a finger. Then, in this state, the opening 4 
at the end of the protrusion portion 5c is contacted with 

^o a sample. Then, in this state, the pressure applied to the 
chamber is released by weakening the force of pressing 
with a finger, so that the compressed portion of the cov- 
ering can return to its original shape due to the elasticity 
of the covering. At this time, a suction pressure is de- 

^5 veloped. and if the developed suction pressure is larger 
than required, the sample is drawn in a manner, such 
as shown in Figure 5. That is, because the liquid flow 
resistance (Z) in the drawing channel 2a between the 
branching portion of the bypass channel 6 and the an- 

50 alytical section 3 is the smallest among the three liquid 
flow resistances as described above, a sample 1 5 is first 
introduced into the opening 4 and further drawn through 
the drawing channel 2a into the analytical section 3 as 
shown in Figure 5(A). If an excess of suction pressure 

55 still remains, because the liquid flow resistance (Y) in 
the bypass channel 6a is smaller than the liquid flow re- 
sistance (X) in the drawing channel 2b. an excess 
amount of the sample 15 and/or entrained air will flow 
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into the bypass channel 6 as shown in Figure 5(B). and 
further part of them may flow into the suction pressure 
generating chamber 1 as shown in Figure 5(C). At this 
time, because the liquid flow resistance (X) in the draw- 
ing channel 2b is the largest of the three, the sample 
introduced into the analytical section 3 remains there, 
where a reaction between a component in the sample 
and a reagent (not shown) takes place to generate a 
pigment, thereby developing a color in the reagent film. 
In addition, a possibility that the pigment might flow into 
the suction pressure generating chamber 1 can be elim- 
inated. Furthermore, if an excess of suction pressure 
still remains, the excess amount of the sample 15 and/ 
or entrained air present in the bypass channel 6 is fur- 
ther discharged into the suction pressure generating 
chamber 1 as shown in Figure 5(D). 

Then, the device in which a color is developed in 
the reagent film is set in a predetermined position in an 
optical measuring apparatus such as a densitometer. 
Then, light is irradiated into the device, so that when us- 
ing the densitometer, reflected light is detected in a de- 
tecting section to measure the developed color. 

Thus, by having the bypass channel in the device 
and also providing said relationship of the liquid flow re- 
sistances in the three portion of the channels, even if 
excess suction pressure is developed, the sample is en- 
sured to be introduced into the analytical section, where 
the sample undergoes reaction with a reagent. Moreo- 
ver, a possibility of overflow of the generated pigment 
can be eliminated. Accordingly, by using such a device 
having a bypass channel, rapid sampling can be con- 
ducted without carefully adjusting the force of pressing 
with a finger. 

Example 4 

Figure 6 shows an embodiment of a device for an- 
alyzing a sample of the present invention in which an 
analytical section is formed in the under surface side of 
the body. In this device, light is irradiated from the under 
surface side of the body. Figure 6(A) is a plan view of 
such a device, and Figure 6(B) is a cross-sectional view 
of the device in Figure 6(A) taken along the line ll-ll. 

As shown in the drawings, this device comprises an 
approximately rectangular plate shaped body 5, the 
body 5 comprising a base member 5b and a covering 
5a which covers over the surface of the base member. 

In the upper surface of the base member 5b. a suc- 
tion pressure generating chamber 1 is formed in a por- 
tion on one end side of the body 5 (left side in the draw- 
ings) relative to the center of the body 5. from which a 
drawing channel 2b extends toward the other end side 
of the body. Then, the drawing channel 2b extends 
downwards from the upper surface side to the under sur- 
face side of the base member, where the channel com- 
municates with one end side of the analytical section 3 
formed in the under surface side of the base member 
5b. As shown in the drawings, a reagent film 7 is dis- 



posed in the analytical section 3 Then, a drawing chan- 
nel 2a extends from the other end side of the analytical 
section 3 to reach the upper surface side of the base 
member 5b. and then further extends toward the other 

5 end side of the body (the opposite side to the suction 
pressure generating chamber 1) in the upper surface 
side of the base member 5b. the end of the channel 
forming an opening 4 The opening 4 is formed into a 
funnel shape. Furthermore, a bypass channel 6 also ex- 

10 tends from the suction pressure generating chamber 1 . 
the end of the bypass channel merging into the drawing 
channel 2a between the analytical section 3 and the 
opening 4. A portion of the bypass channel 6 from the 
merging portion is formed to be a bypass channel 6a 

15 having a small diameter, while the whole drawing chan- 
nel 2b has a small diameter, and the whole drawing 
channel 2a has a large diameter. As a result, the rela- 
tionship of the liquid flow resistance (X) in the drawing 
channel 2b. the liquid flow resistance (Y) in the bypass 

20 channel 6a. and the liquid flow resistance (Z) in a portion 
of the drawing channel 2a between the branching por- 
tion of the bypass channel 6 and the analytical section 
3 is X>Y>Z. 

In this device, the covering 5a is not necessarily 

25 transparent, however, it may be transparent so that the 
process of drawing a sample can be observed. 

Furthermore, the materials of the base member 5b 
and the covering 5a. the dimensions of the suction pres- 
sure generating chamber, the drawing channel, and the 

^o like in the device are the same as in the device of the 
embodiment previously described. 

Next, an analysis using such a device is conducted, 
for example, as follows. 

First, a portion of the covering 5a corresponding to 

^5 the suction pressure generating chamber 1 of the device 
is compressed by applying a pressure, for example, by 
pressing with a finger. Then, in this state, the opening 4 
is contacted with a sample. Then, the pressure applied 
to the chamber is released by weakening the force of 

■to pressing with a finger so that the compressed portion of 
the covering 5a can return to its original shape due to 
the elasticity of the covering. At this time, a suction pres- 
sure is generated, whereby the sample is drawn into the 
opening 4. and then further drawn through the drawing 

^5 channel 2a into the analytical section 3. By having the 
bypass channel 6 and providing the relationship of the 
three liquid flow resistances (X.Y.Z) of X>Y>Z in this de- 
vice, even if excess suction pressure is generated, the 
sample is ensured to be introduced into the analytical 

50 section 3. where the sample undergoes reaction with a 
reagent. In addition, a possibility that a generated pig- 
ment might flow into the suction pressure generating 
chamber 1 can be eliminated. Then, the device in which 
a color is developed in the reagent film is set in a pre- 

55 determined position in an optical measuring apparatus 
such as a densitometer. Then, light L is irradiated into 
the device from the under surface side of the base mem- 
ber 5b. so that when using the densitometer, a reflected 
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light is detected in a detecting section to measure the 
developed color. 

Example 5 

Next, Figure 7 shows a plan view of an embodiment 
of a device for multiple analysis of the present invention. 
This device for multiple analysis is capable of analyzing 
three items simultaneously. 

As shown in the drawing, one end portion of the rec- 
tangular plate shaped body 5 (the left end in the draw- 
ing) in this device is formed into a protrusion portion 5c, 
which is smaller than the body in width. The width of the 
protrusion portion 5c is decreasing toward the end. Fur- 
thermore, the body 5 comprises a base member and a 
covering which covers over the surface of the base 
member as in the predescribed embodiment. 

In the upper surface of the base member, three 
drawing channels 2b extend from a suction pressure 
generating chamber 1 formed in one end side portion of 
the body (right side in the drawing) relative to the center 
of the body. At each end of the respective drawing chan- 
nels 2b is formed an analytical section 3, different types 
of reagents (not shown) being disposed in the respec- 
tive analytical sections 3, and three drawing channels 
2a extend from the respective analytical sections 3, the 
ends of the respective drawing channels 2a merging into 
one opening 4. When the covering is transparent, the 
reagents are disposed by sticking reagent films on the 
inner surface of the covering corresponding to the re- 
spective analytical sections 3. A bypass channel 6 ex- 
tends from the suction pressure generating chamber 1 : 
the end of the bypass channel merging into the opening 
4. A certain portion of the bypass channel 6 from the 
merging portion is formed as a bypass channel 6a hav- 
ing a small diameter, while the whole drawing channels 
2b have small diameters, and the whole drawing chan- 
nels 2a have large diameters. As a result, the relation- 
ship of the liquid flow resistance (X) in the drawing chan- 
nels 2b, the liquid flow resistance (Y) in the bypass chan- 
nel 6, and the liquid flow resistance (Z) in the portions 
of the drawing channels 2a between the branching por- 
tion of the bypass channel 6 and the analytical sections 
3 is X>Y>Z. 

In such a device for multiple analysis, the overall 
dimensions are determined as appropriate depending 
upon the number of the items to be analyzed. Because 
three items are to be analyzed in this embodiment, the 
dimensions of the device are usually 20 to 50 mm in 
overall length, 20 to 50 mm in width, and 1 to 5 mm in 
overall thickness, wherein the protrusion portion is 10 to 
20 mm in length, 5 to 20 mm in maximum width. 3 to 5 
mm in minimum width. Other things such as materials, 
dimensions of the suction pressure generating cham- 
ber, the drawing channels and the like, and so forth in 
this device are the same as in the device of prescribed 
embodiment having a bypass channel. Furthermore, the 
number of items to be analyzed is not particularly limit- 



ed, however, it is usually between 1 and 20. preferably 
between 3 and 5. In this case, various number of ana- 
lytical sections, bypass channels and drawing channels 
may be formed depending upon the number of the items 

5 to be analyzed. 

An analysis using such a device for multiple analy- 
sis may be performed, for example, as follows. 

First, a portion of the covering 5 corresponding to 
the suction pressure generating chamber 1 of the device 

10 is compressed by applying a pressure, for example, by 
pressing with a finger. Then, in this state, the opening 4 
at the end of the protrusion portion is contacted with a 
sample. Then, the pressure applied to the chamber is 
released by weakening the force of pressing with a fin - 

?5 ger so that the compressed portion of the covering can 
return to its original shape due to the elasticity of the 
covering. At this time, a suction pressure is developed, 
whereby the sample is drawn into the opening 4 and 
then further drawn through the three drawing channels 

20 2a into the respective three analytical sections 3. By 
having the bypass channel 6 and providing the relation- 
ship of the three liquid flow resistances (X, Y.Z) of X>Y>Z 
in this device, even if excess suction pressure is gener- 
ated, the sample is ensured to be introduced into the 

2S analytical sections 3, where the sample undergoes re- 
action with a reagent. In addition, a possibility that a gen- 
erated pigment might flow into the suction pressure gen- 
erating chamber 1 can be eliminated. Then, the device 
in which a color is developed in the reagent film is set 

30 in a predetermined position in an optical measuring ap- 
paratus such as a densitometer. Then, light is irradiated 
into the device ; so that when using the densitometer a 
reflected light is detected in a detecting section to meas- 
ure the developed color, so that three items can be an- 

55 alyzed simultaneously. 

Example 6 

Figure 8 shows a plan view of an embodiment of a 

40 device for analyzing a sample in which a portion of a 
drawing channel between an opening and a branching 
portion of a bypass channel snakes and also has a small 
diameter, so that the liquid flow in the portion of the draw- 
ing channel becomes the largest. 

-*5 As shown in the drawing, this device comprises an 

approximately rectangular plate shaped body 5 whose 
one end portion is decreasing in width toward the end. 
and the body 5 comprises a base member and a cover- 
ing which covers over the surface of the base member. 

50 Then, in the upper surface of the base member, a 
suction pressure generating chamber 1 is formed in a 
portion on the other end side (right side in the drawing) 
relative to the center of the body 5, from which a drawing 
channel 2b extends toward the one end portion of the 

55 body having decreasing width. An analytical section 3 
is formed in a certain position in the drawing channel 2b 
(in an approximately center portion of the body 5). Then, 
a drawing channel 2a extends from the analytical sec- 
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tion 3 toward the portion of the body having decreasing 
width, and the drawing channel 2a snakes from a certain 
point. Furthermore, a bypass channel 6 branches from 
the drawing channel 2a, and it is brought to be commu- 
nicated with the suction pressure generating chamber 5 
1. Furthermore, as previously described, the drawing 
channel 2a snakes from the branching portion of the by- 
pass channel 6. and the end of the drawing channel 2a 
is formed into a funnel-shaped opening 4 on the end por- 
tion of the body having decreasing width. A reagent is 10 
disposed in the analytical section 3, and when the cov- 
ering is transparent, the reagent is disposed by sticking 
a reagent film containing the reagent on a portion of the 
inner surface of the covering corresponding to the ana- 
lytical section 3. is 

The whole portion of the drawing channel 2a be- 
tween the branching portion of the bypass channel 6 and 
the analytical section 3 is made to have a large diameter 
and a portion 6a of certain length from the branching 
portion of the bypass channel 6 is made to have a small 20 
diameter and the whole drawing channel 2b is made to 
have a small diameter. The snaking portion of the draw- 
ing channel 2a is made to have a small diameter and to 
be longer than the drawing channel 2b. Thus, the liquid 
flow resistance (W) in the snaking portion of the drawing 25 
channel 2a is larger than the liquid flow resistance (X) 
in the drawing channel 2b. Accordingly, the relationship 
of the four liquid flow resistances, namely, the liquid flow 
resistance (W) in the snaking portion of the drawing 
channel 2a. the liquid flow resistance (X) in the drawing so 
channel 2b T the liquid flow resistance (Y) in the bypass 
channel 6. and the liquid flow resistance (Z) in a portion 
of the drawing channel 2a between the branching por- 
tion of the bypass channel 6 and the analytical section 
3 is such that W>X>Y>Z. 35 

In such a device, the snaking portion of the drawing 
channel 2a is usually 5 to 1 5 mm in overall length. 0.1 
to 0.5 mm in width, and 0.1 to 0.5 mm in depth. Other 
things such as materials, the dimensions of the suction 
pressure generating chamber and other portions of the 40 
drawing channels, and the like are the same in this de- 
vice as those in the predescribed embodiment. 

Next, an analysis using such a device is performed, 
for example, as follows. 

First, a portion of the covering 5a corresponding to 
the suction pressure generating chamber 1 of the device 
is compressed by applying a pressure, for example, by 
pressing with a finger. Then, in this state, the opening 4 
at the end of the protrusion portion is contacted with a 
sample. Then, the pressure applied to the chamber is 50 
released by weakening the force of pressing with a fin- 
ger, so that the compressed portion of the covering 5a 
can return to its original shape due to the elasticity of 
the covering. At this time, a suction pressure is devel- 
oped, whereby a sample is drawn into the opening 4 55 
Because the relationship of the four liquid flow resist- 
ances (W, X. Y Z) is W>X>Y>Z. even if a strong suction 
pressure is developed, it is ensured that the sample is 



further introduced into the analytical section 3. where 
the sample is analyzed. Furthermore, because the liquid 
flow resistance (W) in the snaking portion of the drawing 
channel 2a is the largest, possibilities that the sample 
introduced into the analytical section 3 and/or a gener- 
ated pigment might flow out toward the side of the open- 
ing 4 is reduced. Then, the device in which a color is 
developed in the reagent film is set in a predetermined 
position in an optical measuring apparatus such as a 
densitometer. Then, light is irradiated into the device 
from the upper surface side of the body 5, so that when 
using the densitometer a reflected light is detected in a 
detecting section to measure the developed color 

Example 7 

Figure 9 shows an embodiment of a device for an- 
alyzing a sample of the present invention. Figure 9(A) 
is a plan view of such a device, and Figure 9(B) is a 
cross-sectional view of the device of Figure 9(A) taken 
along the line Ill-Ill. As shown in the drawings, this de- 
vice is formed by lamination of a plurality of films, and 
the body of the device is an approximately rectangular 
plate shaped. 

In this device, a suction pressure generating cham- 
ber 1 is formed as a protrusion in a portion of one end 
side (right side in the drawings) relative to center of the 
approximately rectangular plate shaped body. A draw- 
ing channel 2 extends from under side of the suction 
pressure generating chamber 1 toward the end opposite 
to the suction pressure generating chamber 1 (the other 
end) of the approximately rectangular plate shaped 
body. An analytical section 3 is formed in a certain po- 
sition in the drawing channel 2, and the end of the draw- 
ing channel 2 communicates with the opening 4 formed 
in the other end of the approximately rectangular plate 
shaped body through a liquid pooling portion 9. A win- 
dow 10 is formed under the analytical section 3. if the 
need arises. For example, if using glucose oxidase 
(GOD) as a reagent, because the reagent requires ox- 
ygen for coloring reaction, the window should be formed 
for supplying oxygen. However, except in such a case, 
when the portion of the film corresponding to the ana- 
lytical section 3 is transparent so that light can enter into 
the analytical section 3. it is not required to form the win- 
dow. Furthermore, a reagent film 7 impregnated with a 
reagent is disposed under the analytical section 3. so 
that it covers the window 10. Furthermore, a stopper 
which is gas-permeable and liquid-impermeable 8 is 
formed in a certain position in the drawing channel 2b 
between the suction pressure generating chamber 1 
and the analytical section 3 on the side of the suction 
pressure generating chamber 1 . The stopper 8 is formed 
by disposing a hydrophobic porous film in a certain po- 
sition in the drawing channel 2b. 

Furthermore, an air vent passage 25 branches from 
a portion of the drawing channel 2a between the liquid 
pooling portion 9 and the analytical section 3. and the 
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end 26 of the passage is open to the outside of the body. 
By providing such an opening, capillarity can be devel- 
oped because of the air vent passage 25. 

Furthermore, the area of the cross section of the air 
vent passage 25 is made smaller than that of the cross 
section of the liquid pooling portion 9. so that the liquid 
flow resistance in the air vent passage 25 is larger than 
that in the liquid pooling portion 9. Specifically, the liquid 
pooling portion 9 is about four times as wide as the draw- 
ing channel 2 or the air vent passage 25, and the liquid 
pooling portion 9 is about twice as thick as the drawing 
channel 2 or the air vent passage 25. 

Such a device of laminated films can be produced, 
for example, by laminating films 11, 12, 13 : and 14 
formed into respective types of shapes, with a reagent 
film 7 and a hydrophobic porous film 8 placed therebe- 
tween, as shown in Figure 10. 

The film 1 4 is to be the under surface of the device, 
wherein the window 10 is provided. In the film 13 are 
formed cut-out portions to form the liquid pooling portion 
9, the air vent passage 25, the analytical section 3, and 
the drawing channel 2, respectively. The film 1 2 ensures 
the thickness of the liquid pooling portion 9 (the size of 
the cross-sectional area of the portion). In the film 12 
are formed a cut-out portion in order to form the liquid 
pooling portion 9. a circular shaped cut-out portion in 
order to form an opening at the end of the air vent pas- 
sage 25, and a circular shaped cut-out portion in order 
to communicate the drawing channel 2b with the suction 
pressure generating chamber 1. in the film 11 are 
formed a protrusion of an approximately cylindrical con- 
vex portion in order to form the suction pressure gener- 
ating chamber 1 and a circular cut-out portion in order 
to form an opening at the end of the air vent passage 25. 

Then, the reagent film 7 is disposed in a portion be- 
tween the film 14 and the film 13 where the analytical 
section 3 is to be formed, and the hydrophobic porous 
film 8 is disposed between the film 1 3 and the film 1 2 in 
a portion to be a part of the drawing channel 2b. In this 
state, the four films 14, 13, 12, and 11 are laminated in 
this order from the bottom and then integrated together 
to produce a device as shown in Figure 9. 

An example of the hydrophobic porous film is a hy- 
drophobic resin porous film, specifically, a polyethylene 
porous film, a polypropylene porous film, a Teflon po- 
rous film, or the like. Suitable hydrophobic resin porous 
films are Celgard (Product Name/ Hoechst Celanese 
Co., Ltd.), and Hipore (Product Name/ Asahi Chemical 
Industry Co., Ltd.). The average diameter of a pore in 
the hydrophobic resin porous film is usually from 0.1 to 
1 um preferably from 0.3 to 0.7 urn. Furthermore, the 
thickness of the hydrophobic resin porous film is usually 
from 10 to 100 urn Such a hydrophobic resin porous 
film can be produced, for example, by forming a film us- 
ing said hydrophobic resin and then orienting the film 
either uniaxially or biaxially. 

The reagent film 7 is a film impregnated with a rea- 
gent, and the type of the reagent is selected as appro- 



priate depending upon the type of the object for analysis. 
The structure of the reagent film is also determined as 
appropriate depending upon the type of the object to be 
analyzed. For example, when plasma components of 
s blood is the object for analysis, the reagent film usually 
has a structure in which a filtration layer for separating 
blood cells, a reagent layer impregnated with a reagent, 
and a base member are laminated in this order. Then, 
the reagent film 7 is arranged in the analytical section 3 
io so that the filtration layer can contact with blood (a liquid 
sample). Moreover, conventionally known materials can 
be applied for the respective layers in the reagent film. 

When producing a device of the present invention, 
the films may be integrated by using an adhesive to 
'5 bond the respective films to each other or by laminating 
the films by pressing or heating. 

Furthermore, suitable materials for the films which 
comprise the device are, for example, polyethylene, pol- 
yethylene terephthalate (PET), polystyrene, polyvinyl 
chloride, and the like, and particularly PET is desired 
because of processability. 

The dimensions of the device shown in Figure 9 are 
usually 1 5 to 60 mm in length, 5 to 20 mm in width, and 
1 to 3 mm in thickness. Furthermore, the dimensions of 
the suction pressure generating chamber 1 are usually 
3 to 15 mm in diameter and 0.5 to 3 mm in height. Fur- 
thermore, the dimensions of the drawing channel 2 are 
usually 10 to 40 mm in overall length, 0.5 to 2 mm in 
width, and 0.1 to 0.5 in thickness, wherein the drawing 
channel 2a is 5 to 30 mm in length, and the drawing 
channel 2b is 5 to 30 mm in length. Furthermore, the 
dimensions of the analytical section 3 are usually 2 to 
10 mm in diameter and 0.1 to 1 mm in height. The di- 
mensions of the liquid pooling portion 9 are usually 2 to 
10 mm in length. 2 to 10 mm in width, and 0.2 to 1 mm 
in thickness. The dimensions of the air vent passage 25 
are usually 2 to 10 mm in overall length, 0.5 to 2 mm in 
width, 0.1 to 0.5 mm in thickness, and 0.5 to 5 mm in 
diameter of the opening of the passage. The dimensions 
of the opening 4 are usually 2 to 1 0 mm in width and 0.2 
to 1 mm in thickness. 

Next, a method for analyzing a sample using the 
device shown in Figure 9 will be described by referring 
to Figure 11. In Figure 11, the same parts as shown in 
Figure 9 are referred to by using the same signs. 

First, the protruding suction pressure generating 
chamber 1 in the device is compressed by applying 
pressure, for example, by pressing with a finger. Then, 
in this state, the opening 4 is contacted with a sample 
15 in a predetermined sampling spot. Then, as shown 
in Figure 11(A). the sample 15 is drawn by capillarity 
developed due to the air vent passage 25 into the open- 
ing 4 and retained in the liquid pooling portion 9. Then, 
the opening 4 is detached from the sampling spot, and 
then the force of pressing with a finger is weakened to 
release the applied pressure. Then, the compressed 
suction pressure generating chamber 1 returns to the 
original shape due to the elasticity, whereby a suction 
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pressure (a negative pressure) is developed. Due to the 
developed suction pressure, the sample retained in the 
liquid pooling portion 9 is drawn through the drawing 
channel 2a into the analytical section 3 as shown in Fig- 
ure 11(B). The time period required for introducing the 
sample into the analytical section 3 in such a method is 
markedly short compared to the time required for draw- 
ing a sample by using capillarity. In addition such a 
drawing process is hardly affected by properties of the 
sample such as viscosity. Furthermore, in this drawing 
process, because the liquid flow resistances in the liquid 
pooling portion 9 and the air vent passage 25 are ad- 
justed as described above, a part of the sample 15 re- 
mains in the air vent passage 25 as shown in the draw- 
ing, so that air inclusion can be prevented. Furthermore, 
even if excess suction pressure is developed, because 
the stopper 8 is formed, it is ensured that the sample 1 5 
is introduced into the analytical section 3 without caus- 
ing a flow of the sample 15 into the suction pressure 
generating chamber 1. Accordingly, it is not necessary 
to take care in adjusting the pressing force with a finger. 
Then, in the analytical section 3 : a reaction between a 
component in the sample 1 5 and the reagent contained 
in the reagent film 7 takes place to generate a pigment, 
whereby a color is developed in the reagent film 7. Then, 
the device in which a color is developed in the reagent 
film 7 is set in a predetermined position in an optical 
measuring apparatus such as a densitometer. Then, 
light is irradiated into the device through the window 10 
formed in the under surface of the device, so that when 
using the densitometer a reflected light is detected in a 
detecting section to measure the color developed in the 
regent film. Furthermore, in this measuring, when both 
the whole analytical section 3 and the reagent film 7 are 
transparent, analysis can also be conducted by using a 
transmitted light. 

Example 8 

Figure 12 shows a plan view of an embodiment of 
a device for multiple analysis provided with a plurality of 
analytical sections arranged in series. 

As shown in the drawing, this device is provided 
with three analytical sections 3 in certain positions in a 
drawing channel 2, and a reagent film 7 is disposed in 
each of the analytical sections 3. The respective reagent 
films 7 are impregnated with different types of reagents. 
The structure of the device other than these aspects is 
the same as that of the device shown in Figure 9. and 
the same parts as in Figure 9 are referred to by using 
the same signs. 

This device can be produced by laminating a plu- 
rality of films having predetermined shapes and then in- 
tegrating them together as in the predescribed device 
in Example 7. and the method for producing the device, 
used materials, and the like are also the same as in the 
device in Example 7 Furthermore, the overall dimen- 
sions of the device are usually 1 5 to 100 mm in length. 



5 to 20 mm in width, and 1 to 3 mm in thickness Fur- 
thermore the whole length of the drawing channel 2 is 
usually 20 to 80 mm. and the spacing between the an- 
alytical sections is usually 3 to 10 mm. The dimensions 

5 m other parts of the device are the same as in the device 
of Example 7 

Although a device provided with three analytical 
sections is described in this embodiment, the present 
invention is not limited to such a device, and any number 

10 of analytical sections can be provided depending upon 
the desired number of items for measurement. 

Next, a method for analysis using such a device for 
multiple analysis is performed, for example, as follows. 
First, a suction pressure generating chamber 1 of 

1 $ the device is compressed by pressing as in the prede- 
scribed embodiment. Then, in this state, the opening 4 
is contacted with a sample in a predetermined sampling 
spot, whereby the sample is drawn by capillarity into the 
liquid pooling portion 9 where it is retained. Then, the 

20 opening 4 is detached from the sampling spot, and 
thereafter the pressure applied to the suction pressure 
generating chamber 1 is released, so that a suction 
pressure is developed. Accordingly, the sample is intro- 
duced into the respective three analytical sections 3 one 

25 after another, where respective reactions between com- 
pounds in the sample and the reagents contained in the 
respective reagent films 7 take place Then, the device 
is set in a predetermined position in an optical measur- 
ing apparatus capable of performing multiple analysis. 

30 Then, light is irradiated through the window formed in 
the under surface of the device, whereby the colors de- 
veloped in the respective reagent films 7 are measured. 
An example of the optical measuring apparatus is a den- 
sitometer. Thus, by using such a device for multiple 

35 analysis, a plurality of items can be measured simulta- 
neously. 

Example 9 

JO Figure 1 3 shows a plan view of a device for analyz- 

ing a sample for multiple analysis provided with a plu- 
rality of analytical sections arranged in parallel. 

As shown in the drawing, this device has three 
drawing channels 2. An analytical section 3 is formed in 
each of the drawing channels 2. where a reagent film 7 
is disposed. Each reagent film 7 is impregnated with a 
type of reagent different to each other. The portions of 
each of the three respective drawing channels 2 which 
extend from the three respective analytical sections 3 

50 toward the opening 4 merge to form a drawing channel 
2a in a certain position before reaching the liquid pooling 
portion 9. Furthermore, three drawing channels 2b ex- 
tend from a suction pressure generating chamber 1 and 
are in communication with the three analytical sections 

55 3 respectively This device and the device shown in Fig- 
ure 9 in Example 7 have the same structure other than 
these characteristics therefore, the same parts are re- 
ferred to by using the same signs 
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This device can be produced by laminating a plu- 
rality of films having predetermined shapes and then in- 
tegrating them together, as in the predescribed device 
in Example 7. and the method for producing the device, 
the materials used, and the like are also the same as 
those in Example 1. Furthermore, the overall dimen- 
sions of the device are usually 1 5 to 60 mm in length, 
10 to 50 mm in width, 1 to 3 mm in thickness. Further- 
more, the overall length of the drawing channel 2 is usu- 
ally 10 to 40 mm, and the spacing of the analytical sec- 
tions 3 to each other is usually 3 to 10 mm. The dimen- 
sions of other parts of the device are the same as in the 
device of Example 7. 

Although a device provided with three analytical 
sections is shown in this embodiment, the present in- 
vention is not limited to this device, and any number of 
analytical sections and drawing channels can be provid- 
ed depending upon the desired number of items for 
measurement. 

Next, an analysis using such a device for multiple 
analysis is performed, for example, as follows. 

First, a suction pressure generating chamber 1 of 
the device is compressed by pressing as in the prede- 
scribed embodiment. In this state, the opening 4 is con- 
tacted with a sample in a predetermined sampling spot, 
and the sample is introduced by capillarity into the liquid 
pooling portion 9. where it is retained. Then, the opening 
4 is detached from the sampling spot, and thereafter the 
pressure applied to the suction pressure generating 
chamber 1 is released so that a suction pressure is de- 
veloped. As a result, the sample is introduced into each 
of the three analytical sections 3 simultaneously, where 
reactions between components in the sample and the 
reagents contained in the respective reagent films 7 
take place. Then, the device is set in a predetermined 
position in an optical measuring apparatus capable of 
performing multiple analysis. Then, light is irradiated 
through the window formed in the under surface of the 
device, whereby the color developed in the respective 
reagent films 7 is measured. 

Thus, by using such a device for multiple analysis, 
a plurality of items can be measured simultaneously. An 
example of the optical measuring apparatus is a densi- 
tometer. 

Having described the devices for multiple analysis 
in Examples and Example 9. whetherthe analytical sec- 
tions are arranged either in series or in parallel may be 
determined by various conditions such as influence of 
the reagents to each other, the shapes of the device, or 
the like. 

Example 10 

Figure 1 4 shows a plan view of a device for analyz- 
ing a sample in which a reagent positioning section, re- 
agent reaction section, and a measuring section are pro- 
vided independently in certain positions in the drawing 
channel. 



As shown in the drawing, this device is provided 
with a reagent positioning section 32. a reagent reaction 
section 30, and a measuring section 31. each of them 
being formed in a certain position in a drawing channel 

s 2. The shape of the drawing channel does not particu- 
larly change due to the reagent positioning section 32, 
and a reagent is simply disposed in the drawing channel. 
Also, it may be a depressed cylindrical shaped cavity 
like the reagent reaction section. Moreover, the reagent 

10 can be disposed by simply positioning the reagent in the 
channel, or attaching the reagent to the reagent posi- 
tioning section by using a hydrophilic polymer orthe like. 
Examples of the reagents include wet-type reagents or 
the like capable of moving together with a sample. More 
particularly, example of such reagents are, GOD, per- 
oxidase (POD), 4-aminoantipyrine, N-ethyl-N-(2-hy- 
droxyne-3-sulfopropyl)-3-methylaniline (TOOS) and the 
like. Moreover, even a dry-type reagent can move to- 
gether with a sample if it can be dissolved in a sample. 

20 Furthermore, the reagent reaction section 30 is formed 
in a same way as in the predescribed embodiment other 
than that a reagent film is not disposed therein. Further- 
more, the measuring section 31 is formed into a de- 
pressed cylindrical shaped cavity like the reagent reac- 

25 tion section 30, except that it is made transparent for 
permitting light entrance. Moreover, an absorbent mem- 
ber such as a filter paper may be disposed in the meas- 
uring section 31 in order to fix the transferred pigment. 
This device and the device shown in Figure 9 in Example 

30 7 have the same structure other than these character- 
istics, therefore the same parts are referred to by using 
the same signs. Moreover, the reagent reaction section 
30 may also serve as a measuring section like in Exam- 
ple 7. and in such a case, the reagent reaction section 

35 30 is made transparent for permitting light entrance. 

This device for analyzing a sample can be produced 
by laminating a plurality of films having predetermined 
shapes and then integrating them together, as in the pre- 
described embodiment in Example 7. In addition, the 

•to method for producing such a device, the materials used, 
and the like are also the same as those in Example 7. 
Furthermore, generally a reagent is prepositioned by us- 
ing a hydrophilic polymer or the like during lamination 
process of the films. Furthermore, the overall dimen- 

15 sions of the device are usually 1 5 to 1 00 mm in length. 
5 to 20 mm in width, and 1 to 3 mm in thickness. Fur- 
thermore, the overall length of the drawing channel 2 is 
usually 20 to 80 mm. and the spacing between the rea- 
gent positioning section, the reagent reaction section 

50 30. and the measuring section 31 to each other is usu- 
ally 3 to 10 mm. The dimensions of other parts of the 
device are the same as in the embodiment in Example 7. 

Next, an analysis using such a device for multiple 
analysis is performed, for example, as follows. 

55 First, a suction pressure generating chamber 1 is 

compressed by pressing as in the predescribed embod- 
iment. In this state, the opening 4 is contacted with a 
sample in a predetermined sampling spot, and the sam- 



16 



BN8DOCID: <£P_06092BBA2JL> 



29 



EP 0 803 288 A2 



30 



pie is drawn by capillarity into the liquid pooling portion 
9. where it is retained. Then, the opening 4 is detached 
from the sampling spot, and thereafter the pressure ap- 
plied to the suction pressure generating chamber 1 is 
released so that a suction pressure is developed. As a 5 
result, the sample is transferred into the reagent posi- 
tioning section 32, into the reagent reaction section 30. 
and then into the measuring section 31 in this order. 
Then, the sample first moves into the reagent reaction 
section 30 with the reagent present in the reagent posi- to 
tioning section 32 : where a reaction between a compo- 
nent in the sample and the reagent takes place to gen- 
erate a pigment. The pigment may be produced in a por- 
tion between the reagent reaction section 30 and the 
measuring section 31. Then, the pigment moves to the is 
measuring section 31. If a filter paper is positioned in 
the measuring section 31, a color is developed in the 
filter paper. Then, the device is set in a predetermined 
position in an optical measuring apparatus. Then, light 
is irradiated into the measuring section, whereby the 20 
color of the pigment or the color developed in the filter 
paper is measured by using an optical measuring appa- 
ratus such as a densitometer. As a condition of this 
measurement, when using the predescribed reagents 
such as GOD. this measuring should be performed one 25 
minute after the reaction with a wavelength of 570 nm. 

Example 11 

Figure 1 5 shows a plan view of a device for analyz- 20 
ing a sample in which two reagent positioning sections 
are provided in certain positions in the drawing channel. 

As shown in the drawing, this device is provided 
with a first reagent positioning section 32a and a second 
reagent positioning section 32b formed in certain posi- 35 
tions in a drawing channel 2, the two sections forming 
the reagent reaction section 30 ; and further provided 
with a measuring section 31. Usually, a first reagent is 
disposed in the first reagent positioning section 32a. and 
a second reagent is disposed in the second reagent po- 40 
sitioning section 32b. 

Although the first reagent positioning section 32a 
and the second reagent positioning section 32b are 
formed into depressed cylindrical shaped cavities, rea- 
gents may be simply disposed in the drawing channel 2 45 
without changing the shape of the channel, as described 
later. Furthermore, in disposing the reagents, the rea- 
gents may be attached to the reagent positioning sec- 
tions by using a hydrophilic polymer or the like, while it 
may be simply positioned as in the predescribed device so 
in Example 10. Suitable reagents are those comprising 
two or more components which cannot be mixed prior 
to a reaction with a sample, as previously described An 
example of such a reagent is an. enzyme-substrate type 
reagent, specifically, trypsin-substrate type reagent. 55 
The substrate usually generates a pigment through an 
enzyme reaction. Furthermore, when dissolved and 
mixed in a sample, this reagent is capable of moving. 



Also, the measuring section 31 is formed as a de- 
pressed cylindrical shaped cavity like the reagent posi- 
tioning section Further, an absorbent member such as 
a filter paper may be disposed in the measuring section 
31 in order to fix the transferred pigment. This device 
and the device shown in Figure 9 in Example 7 have the 
same structure other than these characteristics, there- 
fore, the same parts are referred to by using the same 
signs. Moreover, a reagent reaction section may serve 
as a measuring section like in Example 7. In case of this 
embodiment, the second reagent positioning section 
32b may serve as the measuring section 31. 

This device can be produced by laminating a plu- 
rality of films having predetermined shapes and then in- 
tegrating them together, as in the predescribed device 
in Example 7. In addition, the method for producing such 
a device, the materials used, and the like in this device 
are also the same as those in Example 7, Furthermore, 
generally a reagent is prepositioned by using a hy- 
drophilic polymer or the like during lamination process 
of the films. Furthermore, the overall dimensions of the 
device are usually 15 to 100 mm in length. 5 to 20 mm 
in width, and 1 to 3 mm in thickness. Furthermore, the 
overall length of the drawing channel 2 is usually 20 to 
80 mm. and the spacing between the reagent position- 
ing sections and the measuring section is usually 3 to 
1 0 mm. The dimensions of other parts of the device are 
the same as in Example 7. 

Next, an analysis using this device is performed, for 
example, as follows. 

First, as in the predescribed embodiment, a suction 
pressure generating chamber 1 is compressed by ap- 
plying pressure. In this state, the opening 4 is contacted 
with a sample in a predetermined sampling spot, and 
the sample is drawn by capillarity into the liquid pooling 
portion 9 to be retained. Then, the opening 4 is detached 
from the sampling spot, and then the pressure applied 
to the suction pressure generating chamber 1 is re- 
leased so that a suction pressure is developed. As a re- 
sult, the sample is transferred into the first reagent po- 
sitioning section 32a, into the second reagent position- 
ing section 32b : and into the measuring section 31 in 
this order. Then, the sample first moves into the second 
reagent positioning section 32b with the first reagent 
present in the first reagent positioning section 32a, 
where the three of the sample, the first reagent, and the 
second reagent are reacted to each other to generate a 
pigment. The pigment may be generated in a portion be- 
tween the second reagent positioning section 32b and 
the measuring section 31. Then, the pigment moves to 
the measuring section 31. When a filter paper is posi- 
tioned in the measuring section 31 . a color is developed 
in the filter paper. Then, the device is set in a predeter- 
mined position in an optical measuring apparatus. Then, 
light is irradiated into the measuring section 31 . whereby 
the color of the pigment or the color developed in the 
filter paper is measured by using an optical measuring 
apparatus such as a densitometer. 
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Example 12 

Figure 1 6 shows a plan view of a device for analyz- 
ing a sample in which three reagent positioning sections 
and a measuring section are provided in certain posi- 
tions in a drawing channel. This device has a structure 
in which those in Example 10 and 11 are integrated. 

As shown in the drawing, this device is provided 
with a first reagent positioning section 32a, a second re- 
agent positioning section 32b, and a tNrd reagent posi- 
tioning section 32c formed in certain positions in a draw- 
ing channel 2, all of these forming a reagent reaction 
section 30 in combination, and further provided with a 
measuring section 31 formed in a certain position in the 
drawing channel 2. Usually, a first reagent is disposed 
in the first reagent positioning section 32a, a second re- 
agent is disposed in the second reagent positioning sec- 
tion 32b, and a third reagent is disposed in the third re- 
agent positioning section 32c. 

The reagents are simply disposed in the respective 
three reagent positioning sections 32a, 32b, and 32c 
without changing the shape of the drawing channel 2. 
Furthermore, in disposing the reagents, they may be 
simply disposed in the drawing channel as in the device 
previously described in Example 4, or alternatively, the 
reagents may be attached to the respective reagent po- 
sitioning sections by using a hydrophilic polymer or the 
like. Suitable reagents are those comprising two or more 
components which cannot be mixed prior to a reaction 
with a sample as previously described. Examples of 
such a reagent include enzyme-substrate type rea- 
gents, for example, a reagent comprising a trypsin, the 
substrate of the trypsin, and a buffer solution. By using 
such a reagent, for example, a trypsin inhibitor in urine 
can be measured. Furthermore, a pigment is generated 
through a reaction between the substrate and the en- 
zyme. With regard to this reagent, the first reagent is the 
buffer solution, the second reagent is the trypsin, and 
the third reagent is the substrate. Besides, when dis- 
solved and mixed in a sample, this reagent is capable 
of moving. 

The measuring section 31 is formed as a depressed 
cylindrical shaped cavity. An absorbent member such 
as a filter paper may be disposed in the measuring sec- 
tion 31 in order to fix the transferred pigment. The struc- 
ture of this device other than these characteristics is the 
same as that of the device shown in Figure 9 in Example 
7. therefore the same parts are referred to by using the 
same signs. 

This device can be produced by laminating a plu- 
rality of films having predetermined shapes and then in- 
tegrating the films together as in the device described 
in Example 7. In addition, the method for producing such 
a device, the materials used, and the like are also the 
same as those in Example 7. Furthermore, the reagents 
are generally disposed in advance by using hydrophilic 
polymers or the like during the process of laminating the 
films. Furthermore, the overall dimensions of the device 



are usually 1 5 to 1 00 mm in length, 5 to 20 mm in width, 
and 1 to 3 mm in thickness. Furthermore, the whole 
length of the drawing channel 2 is usually 20 to 80 mm. 
and the spacing between the reagent positioning sec- 

5 tions and the measuring section is usually 3 to 10 mm. 
The dimensions of other parts of the device are the 
same as in Example 7. 

Next, a method for analyzing a sample by using this 
device will be described by referring to a case using the 

10 predescribed reagent comprising a buffer solution, a 
trypsin and a substrate. 

First, the device for analyzing a sample having a 
buffer solution in the first reagent positioning section 
32a, a trypsin in the second reagent positioning section 

is 32b, and a substrate in the third reagent positioning sec- 
tion 32c is prepared. Then, as in the predescribed em- 
bodiment, a suction pressure generating chamber 1 is 
compressed by applying a pressure, and in this state, 
the opening 4 is contacted with a sample (urine) in a 

20 predetermined sampling spot, so that the sample is 
drawn by capillarity into the liquid pooling portion 9 to 
be retained. Then, the opening 4 is detached from the 
sampling spot, and then the pressure applied to the suc- 
tion pressure generating chamber 1 is released so that 

25 a suction pressure is developed. As a result, the sample 
is transferred into the first reagent positioning section 
32a, into the second reagent positioning section 32b, 
into the third reagent positioning section 32c : and into 
the measuring section 31 in this order. Then, the sample 

30 moves into the second reagent positioning section 32b 
with the buffer solution present in the first reagent posi- 
tioning section 32a. where the sample, the buffer solu- 
tion, and the trypsin are mixed together. Then, the mix- 
ture is transferred into the third reagent positioning sec- 

^5 tion 32c. where it is mixed with the substrate, whereby 
an enzyme reaction is caused to generate a pigment. 
Moreover, the pigment may be generated in a position 
between the third reagent positioning section 32c and 
the measuring section 31. Then, the pigment moves to 

40 the measuring section 31 . Therefore, when a filter paper 
is positioned in the measuring section 31 . a color is de- 
veloped in the filter paper. Then, the device is set in a 
predetermined position in an optical measuring appara- 
tus. Then, light is irradiated into the measuring section 

45 31 , whereby the color of the pigment or the color devel- 
oped in the filter paper is measured by using an optical 
measuring apparatus such as a densitometer. 

Example 13 

50 

Next, an embodiment of a device for analyzing a 
sample of the present invention in which a vent is formed 
in a suction pressure generating chamber will be de- 
scribed. 

55 Figure 17 shows a cross-sectional view of an em- 
bodiment of this device. As shown in Figure 17(A). the 
basic structure of the device is the same as that of the 
device shown in Figure 9 in Example 7, and the same 
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parts are referred to by using the same signs The vent 
la is usually 0 1 to 5 mm in diameter An analysis of a 
sample by using this device is conducted, for example, 
as follows 

First, the opening 4 of the device is contacted with 
a sample, so that the sample 1 5 is retained in the liquid 
pooling portion 9. Then, as shown in Figure 17(B), the 
suction pressure generating chamber 1 is pressed with 
a finger or the like. At this time, because the air in the 
suction pressure generating chamber 1 is discharged 
through the vent la. the sample is not discharged 
through the opening 4 by the air forced from the suction 
pressure generating chamber 1 . Then, as shown in Fig- 
ure 17(C). the vent la is closed with a finger or the like 
when the suction pressure generating chamber 1 is 
compressed. Then, when the pressure applied to the 
suction pressure generating chamber 1 is released in a 
state in which the vent la is closed as shown in Figure 
17(D). the suction pressure generating chamber 1 re- 
turns to its original shape and thereby a suction pressure 
is developed. As a result, the sample 15 is transferred 
through the drawing channel 2 into the analytical section 
3. The subsequent analyzing operation is the same as 
in Example 7. 

Accordingly, by using such a device in which the 
suction pressure generating chamber 1 is provided with 
the vent la. it is possible to apply a pressure to the suc- 
tion pressure generating chamber 1 after the opening 4 
is contacted with the sample 15 and the sample is re- 
tained in the liquid pooling portion. As a result, sampling 
can be performed easily. 

Example 14 

Next, an embodiment of a device of the present in- 
vention in which a suction pressure generating tube is 
used as a suction pressure generating means will be 
described. 

Figure 18 shows a cross-sectional view of an em- 
bodiment of such a device for analyzing a sample. As 
shown in Figure 18(A), this device has the same struc- 
ture as that of the device shown in Figure 9 in Example 
7. except that a suction pressure generating tube 21 is 
provided in place of a suction pressure generating 
chamber, and the same parts are referred to by using 
the same signs. The suction pressure generating tube 
21 can be formed, for example, by placing a resin sheet, 
which is bent so that the shape of a cross-section of the 
sheet in longitudinal direction becomes approximately 
a reverse U-shaped, on the body of the device. In this 
case, one end of the suction pressure generating tube 
communicates through a stopper 8 which is gas-perme- 
able and liquid-impermeable with the drawing channel 
2. and the other end is closed. In the suction pressure 
generating tube, usually the sheet is 0.01 to 2 mm in 
thickness, and the tube is 0.5 to 5 mm in height on the 
inside. 1 to 10 mm in width on the inside, and 5 to 30 
mm in length It is desired that the suction pressure gen- 



erating tube 21 is formed so that it may not overlap with 
the drawing channel 2. an analytical section 3. or the 
like This is because it is necessary to compress the tube 
by applying a pressure through a hand in order to de- 

5 velop a suction pressure by the suction pressure gen- 
erating tube 21 . and there is a possibility that the shape 
of the drawing channel or the like might be changed by 
the pressure. Suitable materials for the resin sheet are. 
for example, soft vinyl chloride resin, soft silicon resin. 

'0 natural rubber and the like. Furthermore, the shape of 
a cross section of the suction pressure generating tube 
in a longitudinal direction is not limited to said reverse 
U-shape. For example, it may be rectangular or the like. 
A sample may be analyzed by using this device, for 

75 example, as in the following steps. First, the opening 4 
of the device is contacted with a sample, so that the 
sample 15 is retained in a liquid pooling portion 9. Then, 
as shown in Figure 18(B), a portion of the suction pres- 
sure generating tube 21 on one end side (right end in 

20 the drawings) in communication with the drawing chan- 
nel 2 is pressed with a finger or the like, whereby the 
corresponding portions of the sheet are adhered to each 
other. Then, as shown in Figure 18(C) and Figure 18(D) 
successively, the tube can be drawn by moving the 

25 pressing portion toward the open end. As a result, a suc- 
tion pressure is developed in the suction pressure gen- 
erating tube 21. whereby the sample 15 is moved 
through the drawing channel 2 into the analytical section 
3. Subsequent analyzing operation is conducted in the 

30 same way as in Example 7. 

Accordingly, by using such a device having the suc- 
tion pressure generating tube as the suction pressure 
generating means, a sucking operation can be per- 
formed after the opening 4 is contacted with the sample 

35 15, which is then retained in the liquid pooling portion, 
as in the device provided with a suction pressure gen- 
erating chamber having the vent 1a. As a result, sam- 
pling can be operated more easily. 

40 Example 15 

Next, an embodiment of the present invention 
where a sample is analyzed by an electrochemical 
means will be described. 

^5 Figure 19 shows a device for analyzing a sample 

provided with electrodes. Figure 1 9(A) is a plan view of 
the device, and Figure 19(B) is a cross-sectional view 
of the device shown in Figure 1 9(A) taken along the line 
IV-IV. The device shown in these drawings has the same 

50 structure as the device in Example 7. except that the 
electrodes are formed and no window is formed, there- 
fore the same parts are referred to by using the same 
signs. 

As shown in the drawings, the electrodes comprise 
55 a working electrode 33a and a counter electrode 33b. 
which are formed under the analytical section 3. Both of 
the electrodes extend beyond the suction pressure gen- 
erating chamber 1 and the ends of them are formed into 
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terminals 33c and 33d, respectively. 

This device can be produced by laminating the films 
formed into respective predetermined shapes as in Ex- 
ample 7. For example ; as shown in Figure 20. the device 
can be produced by laiminating films 11, 12, 13, and 1 4 5 
formed into respective types of shapes, with a reagent 
film 7 and a hydrophobic porous film 8 positioned ther- 
ebetween. 

The film 14 forms the under side portion of the de- 
vice, and the electrodes (33a, 33b, 33c, 33d) are formed w 
on the upper surface of the film. The electrodes can be 
formed, for example, by printing the terminals (33c and 
33d) on the film by screen printing using silver (Ag) 
paste, while printing the working electrode 33a and the 
counter electrode 33b by screen printing using conduc- is 
tive carbon paste. The dimensions of the electrodes are, 
for example, in case of the shape shown in the drawing, 
usually 1 to 1 4 mm in outer diameter of the working elec- 
trode 33a, 3 to 15 mm in outer diameter of the counter 
electrode 33b : and 0.5 to 2 mm in width of the spacing 20 
between these electrodes. 

Furthermore, the overall length of the electrode in- 
cluding the terminals is 10 to 50 mm. Moreover, the 
shapes of the electrodes are not limited to the shapes 
shown in the drawing. The material for the film is not 2$ 
particularly limited as long as it has insulating property, 
and for example, PET polypropylene, polyester or the 
like may be used. Furthermore, a hole to form a window 
is not formed in the film 14. Furthermore, the film 14 is 
not necessarily transparent, and it may be colored. 30 

In producing this device, a reagent film 7 produced 
independently may be used, or alternatively, the reagent 
film 7 may be directly formed on the electrodes (the 
working electrode and the counter electrode). For ex- 
ample, the reagent film can be formed by applying a hy- 35 
drophilic high polymer aqueous solution on the elec- 
trodes portion followed by drying, thereupon further ap- 
plying a reagent solution followed by drying. An example 
of the high polymer aqueous solution is a 0.5 % by 
weight aqueous solution of carboxymethyl cellulose. In -to 
case of analyzing lactic acid, for example, a suitable re- 
agent solution is 400 U/mf of lactate oxidase and 2.0 % 
by weight aqueous solution of potassium ferricyanide. 
Furthermore, in case of analyzing glucose, glucose ox- 
idase may be used in place of said lactate oxidase, and -*5 
in case of analyzing cholesterol, cholesterol oxidase 
may be used in place of said lactate oxidase. 

Next, a method for analyzing a sample by using this 
device will be described. First, as in the predescribed 
embodiments, the suction pressure generating cham- so 
ber 1 is compressed, and in this state, the opening 4 is 
contacted with a sample in a predetermined sampling 
spot, thereby the sample is drawn by capillarity into the 
liquid pooling portion 9 to be retained. Then, the pres- 
sure applied to the suction pressure generating cham- 
ber 1 is released todevelop a suction pressure, whereby 
the sample is moved into the reagent film 7 positioned 
in the analytical section 3, where a reaction with the re- 



agent takes place. Then, the device is set in a predeter- 
mined position in an electrochemical measuring appa- 
ratus, and after a reaction of a predetermined time pe- 
riod, a certain amount of voltage is applied between the 
working electrode and the counter electrode, and the 
flowing electric current is measured. 

Example 16 

Next, an embodiment of the present invention in 
which a device of the present invention is used in an 
analysis using immunoassay will be described. 

Figure 21 (A) shows a plan view of a device for an- 
alyzing a sample for immunoassay. As shown in the 
drawing, in this device, a liquid pooling portion 9a is 
formed as a depressed cylindrical shaped cavity, and a 
circular opening 4a is formed thereon. Furthermore, four 
analytical sections 3a, 3b, 3c, and 3d are formed in cer- 
tain positions in the drawing channel 2. A reagent film 
7a containing an antibody, which is labelled by a colored 
material such as gold colloid through reaction with a tar- 
get antigen in a sample (a labelled antibody), is dis- 
posed in the analytical section 3a. Furthermore, a rea- 
gent film 7b, where an antibody which reacts with the 
same antigen mentioned above is immobilized, is dis- 
posed in the analytical section 3b. Furthermore, a rins- 
ing solution 16 is disposed in the analytical section 3d. 
The rest of the structure is the same as in the device 
shown in Figure 9 in Example 7. therefore the same 
parts are referred to by using the same signs. 

Immunoassay using this device is performed, for 
example, as shown in Figure 21(B)-(H). First, the suc- 
tion pressure generating chamber 1 is compressed by 
pressing, and in this state, the opening 4a is contacted 
with a sample, whereby the sample is drawn by capil- 
larity into the liquid pooling portion 9a to be retained 
(Figure 21(B)). At this time, the rinsing solution 16 is 
forced to move into the analytical section 3b by the air 
discharged from the suction pressure generating cham- 
ber. Then, the pressing force applied to the suction pres- 
sure generating chamber 1 is slightly weakened to de- 
velop a weak suction pressure, thereby the sample is 
moved into the analytical section 3a. where a reaction 
between the antigen in the sample and the labelled an- 
tibody takes place (Figure 21 (C)). At this time, the rins- 
ing solution is moved into the analytical section 3c by 
the suction pressure. Then, when the pressure applied 
to the suction pressure generating chamber 1 is com- 
pletely released to develop a suction pressure, the sam- 
ple is moved into the analytical section 3b, where the 
antigen in the sample is reacted with the immobilized 
antibody (Figure 21(D)). Furthermore, at this time, the 
rinsing solution 16 is moved into the analytical section 
3d. Then, the suction pressure generating chamber 1 is 
lightly compressed again, and the resulting discharged 
air forces the sample to move into the analytical section 
3a (Figure 21(E)). Then, the antigens linked to the im- 
mobilized antibodies remain in the analytical section 3b. 
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the antigen being labelled by the labelled antibodies 
However, a number of labelled antibodies which are not 
linked to the antigens also remain in the analytical sec- 
tion 3b. At this time, the rinsing solution 16 is transferred 
into the analytical section 3c. Then, the suction pressure 
generating chamber 1 is further strongly compressed so 
that the sample is moved into the liquid pooling portion 
9a forced by the discharged air. and also the rinsing so- 
lution 16 is moved into the analytical section 3b (Figure 
21 (F)). Then, the pressure applied to the suction pres- 
sure generating chamber 1 is slightly released to gen- 
erate a weak suction pressure, whereby the rinsing so- 
lution 16 is moved to the analytical section 3c (Figure 
21(G)). As a result, the analytical section 3b is rinsed, 
and only the antigens linked both to the immobilized an- 
tibodies and to the labelled antibodies are present in the 
analytical section 3b. At this time, the sample is trans- 
ferred into the analytical section 3a. Then, in this state, 
the amount of the labelled antibodies present in the an- 
alytical section 3c is measured by using an optical 
means. After measuring, the pressure applied to the 
suction pressure generating chamber 1 is completely re- 
leased (Figure 21 (H)) ; and the device is discarded. 

It will be seen that at least in the preferred embod- 
iments, there is provided a device capable of performing 
a rapid and precise analysis of a small amount of a sam- 
ple, a method for analyzing a sample using such a de- 
vice, and an apparatus for analyzing a sample using 
such a device. 



Claims 

1 . A device for analyzing a sample, comprising a suc- 
tion pressure generating means (1: 21). a drawing 
channel (2) in communication with said suction 
pressure generating means (1: 21). an analytical 
section (3) formed in said drawing channel (2). and 
an opening (4) formed at the end of said drawing 
channel (2) ; wherein in use a sample is drawn by a 
suction pressure developed by said suction pres- 
sure generating means (1 ; 21 ) into said opening (4). 
and then said sample is transferred by the suction 
pressure through said drawing channel (2) into said 
analytical section (3). 

2. A device as claimed in claim 1, further comprising 
a bypass channel (6) branching from a portion (2a) 
of the drawing channel (2) between said analytical 
section (3) and said opening (4) and being commu- 
nicated with said suction pressure generating 
means (1: 21), wherein the relationship between 
three liquid flow resistances, namely, the liquid flow 
resistance (X) in a portion (2b) of said drawing chan- 
nel (2) between said analytical section (3) and said 5 
suction pressure generating means (1 : 21 ). the liq- 
uid flow resistance (Y) in said bypass channel (6). 
and the liquid flow resistance (Z) in a portion (2a) of 



said drawing channel (2) between the branching 
portion of said bypass channel (6) and said analyt- 
ical section (3) is X>Y>Z. 

5 3. A device as claimed in claim 1. wherein a plurality 
of drawing channels (2) are formed, at least one an- 
alytical section (3) is formed in each of said drawing 
channels (2). and the ends of said respective draw- 
ing channels merging and forming one opening 

70 

4. A device as claimed in claim 2, wherein a plurality 
of drawing channels (2) are formed, at least one an- 
alytical section (3) is formed in each of said drawing 
channels (2), the ends of said respective drawing 

'5 channels merging and forming one opening, and 
the bypass channel (6) branching from a portion of 
said drawing channels between said merging por- 
tion and said opening (4) and communicating with 
said suction pressure generating means (1: 21). 

20 

5. A device as claimed in claim 1 . further comprising 
a stopper (8) which is gas-permeable and liquid-im- 
permeable provided in said drawing channel (2) be- 
tween said suction pressure generating means (1: 

2S 21 ) and said analytical section (3), by which a flow 
of a sample into said suction pressure generating 
means (1: 21) can be prevented. 

6. A device as claimed in claim 5, wherein the stopper 
30 (8) is made from a hydrophobic porous material. 

7. A device as claimed in claim 5 or 6. wherein a plu- 
rality of analytical sections (3) are formed in the 
drawing channel (2). and the stopper is provided in 

35 the drawing channel (2) between said suction pres- 
sure generating means (1; 21) and the analytical 
section (3) closest to the suction pressure generat- 
ing means (1 : 21 ). 

•to 8. A device as claimed in claim 5. 6 or 7. wherein a 
plurality of drawing channels (2) are formed, ana- 
lytical sections (3) are formed in each of said draw- 
ing channels (2), and the ends of saiddrawing chan- 
nels merging and forming one opening. 

45 

9. A device as claimed in claim 5 or 6. wherein a plu- 
rality of drawing channels (2) are formed, an ana- 
lytical section (3) is formed in each of said drawing 
channels (2). and the ends of said drawing channels 

so merging and forming one opening. 

10. A device as claimed in any preceding claim, where- 
in the opening (4) has a shape enlarging toward the 

end. 

11. A device as claimed in any of claims 1 to 9. wherein 
a liquid pooling portion (9) is formed between the 
opening (4) and the drawing channel (2). and an air 



21 



BNSDOCID: <EP_0e03288A2J_J> 



39 EP 0 I 

vent passage (25) branches from a portion (2a) of 
the drawing channel (2) between the liquid pooling 
portion (9) and the analytical section (3). the end 
(26) of the air vent passage (25) opening to the out- 
side. 

12. A device as claimed in claim 11 , wherein the liquid 
flow resistance in the air vent passage (25) is larger 
than the liquid flow resistance in the liquid pooling 
portion (9). 

1 3. A device as claimed in any preceding claim, where- 
in the analytical section (3) formed in the drawing 
channel (2) serves as a reagent positioning section 
and a reagent reaction section. 

1 4. A device as claimed in any of claims 1 to 1 2, wherein 
a reagent positioning section (32), a reagent reac- 
tion section (30) and an analytical section (3) are 
provided independently in certain positions of the 
drawing channel (2). 

15. A device as claimed in claim 14, wherein a plurality 
of reagent positioning sections (32, 32a ; 32b) are 
provided in certain positions in the drawing channel 

(2). 

16. A device as claimed in any preceding claim, where- 
in the suction pressure generating means (1 : 21 ) is 
a suction pressure generating chamber (1 ) capable 
of changing its volume. 

17. A device as claimed in claim 16, wherein a vent (1a) 
is formed in the suction pressure generating cham- 
ber (1). 

1 8. A device as claimed in any of claims 1 to 1 5, wherein 
the suction pressure generating means (1 : 21 ) is a 
suction pressure generating tube (21). 

19. A device as claimed in any preceding clainrv where- 
in a pair of electrodes (33) consisting of a working 
electrode (33a) and a counter electrode (33b) is 
provided in the analytical section (3). 

20. A method for analyzing a sample comprising the 
steps of: 

preparing a device for analyzing a sample ac- 
cording to claim 1 , 3, 5, 6, 7. 8 or 9: 
developing a suction pressure by means of the 
suction pressure generating means (1 : 21 ) and 
thereby drawing a sample into the opening (4): 
further drawing the sample by said suction 
pressure through the drawing channel (4) into 
the analytical section(s) (3): and 
analyzing said sample in the analytical section 
(s) (3). 
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21. A method for analyzing a sample comprising the 
steps of: 

preparing a device for analyzing a sample ac- 

5 cording to claim 2 or 4: 

developing a suction pressure by means of the 
suction pressure generating means (1 : 21) and 
thereby drawing a sample into the opening (4): 
further drawing the sample by said suction 

10 pressure through the drawing channel (2) into 

the analytical section(s) (3), while discharging 
an excess of sample and/or entrained air into 
said bypass channel (6) and through said by- 
pass channel (6) into said suction pressure 

is generating means (1: 21); and 

analyzing said sample in the analytical section 
(s) (3). 

22. A method for analyzing a sample comprising the 
20 steps of: 

preparing a device for analyzing a sample ac- 
cording to claim 1 0 or 11 ; 
contacting the opening (4) with a sample, there- 
25 by drawing said sample by capillarity into said 

opening (4) or into said liquid pooling portion 
(9) to be retained: 

developing a suction pressure by means of the 
suction pressure generating means (1 : 21 ): 
30 drawing the sample retained in said opening (4) 

or in said liquid pooling portion (9) by the suc- 
tion pressure through the drawing channel (4) 
into the analytical section (3): and 
analyzing said sample in the analytical section 

35 (3). 

23. A method as claimed in any of claims 20 to 22, 
wherein the sample is analyzed by an optical 
means. 

40 

24. A method as claimed in any of claims 20 to 22, 
wherein the sample is analyzed by an electrochem- 
ical means. 

^5 25. An apparatus for analyzing a sample comprising an 
optical measuring system including a light irradiat- 
ing section and a light detecting section, and a de- 
vice as claimed in any of claims 1 to 1 8. wherein the 
device for analyzing a sample is arranged so that 

50 the analytical section of the device can be irradiated 
with light from said light irradiating section, and so 
that said detecting section can detect a transmitted 
light, fluorescence, or a reflected light in said ana- 
lytical section. 

55 

26. An apparatus for analyzing a sample comprising an 
electric signal generating means and an electric sig- 
nal detecting means, and a device as claimed in 
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claim 19. wherein the working electrode (33a) of 
said device and said electric signal generating 
means are connected to each other, and the coun- 
ter electrode (33b) of said device and said electric 
signal detecting means are connected to each oth- s 
er. 
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